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PREFACE. 


T he following Eflay is fo fbort, that 
there is no occafion for a long 
preface to introduce it to the reader’s 
notice. One of the principal ends of it is^ 
to do away a general prejudice ’in favour 
of fpeftacles, namely, that they aft as 
prefervers; a prejudice which has cauled 
numbers to ufe glalfes, before they could 
be of any eflential fervice; who thereby 
force their eyes into an unnatural ftate, 
and bring on a very unpleafant habit. To 
remedy this evil, the marks are diftin6lly 
pointed out, wdiich determine when the 
ufe of glafl'es will be ferviceable to the eye. 
By an attention to the rules here laid down, 
they will be taught neither to anticipate 
evil, by a premature ufe of fpe£lacles; nor, 
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by too long a delay, to Arain and injure 
their fight. 

A fecond end was, to difFufe more 
generally a knowledge of the fubjeft among 
the venders of this article, particularly 
th€>fe who live in the country; and this 
was the more neceflary, as numerous in- 
ftances are continually occurring to every 
optician, of thofe whofe fight has been 
injured by an improper choice of fjpeftacles. 

The nature of the Effay has given me an 
opportunity of pointing out rules for the 
prefervation of the fight, and avoiding 
what may be hurtful to it. Among the 
latter, the two principal articles are, the 
ufe of reading-glaffes, and opake fhades to 
canhles; both of which, I have reafon to 
think, are extremely prejudicial to the 
eyes.' 

As this Effay may probably fall into the 
hands of thofe who may have no oppor¬ 
tunity of confulting more fcientific works 
I have concluded it with an account of 
fquinting, the proper methods of afeertain- 
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ing the nature of it, and the beft known 
remedies for it. 

I have here to notice an error, into 
which, in common with moft late ahato- 
mihs, I have fallen, with refpe6l to the 
ftrufture of the iris, and the fituation of 
the cryftalline. Mr. O'Hallorah aflerts, that 
the iris is not flat, but very convene, and 
that the inlide of the iris adheres clofely to* 
the anterior part of the vitreous humour, 
except where it opens for the lodgment of 
the cryftalline, and confequently that there 
is no pofterior chamber for the aqueous 
humour. For a fuller accoflnt, I muii 
refer the reader to the author’s paper.* 

I take this opportunity of thanking my 
friends for feveral valuable remarks iftid 
correflions, but particularly W. C. Wells, 
M. D. author of an Eflay on Angle vilion 
with two eyes,” printed for Cadell; a Trea- 
tife which every one fliould read, who is 
delirous of feeing that difficult fubje6l put 
in a clear light. 

I have 

• Tranfi^ions of the Royal Irilh Academy for the 

year 1788. 
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ESSAY 
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I T is propofed in this eflay to^inllrudl: thole 
whole eyes are beginning to fail, how to 
form a right judgment of the ftate of their light* 
and of the means of preferving it; how to de¬ 
termine when the ufe of fpecftacles is necellarjr, 
and fo to ule them, that the light may neirtier 
be injured by a premature application of glafles* 
nor ftrained for want of proper afliftartce. 

But in order to enable the reader to judge for 
himfelf, and know how to chufe his fpedlacles* 
when a choice becomes neceflary, it will be 
proper firll to explain the ItrucTlure of the eye, 
and the means 6y which vilion is performed s 
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for by underdanding the principles on which the 
operations of this wonderful organ depend, he 
will learn how it may be impaired, and by what 
aflided. It is alfo prefumed, that it can be no 
unpleafing fpeculation to obtain an idea of the 
fecret mcchanifm by which the eye communicates 
fo many diverhfied and animated perceptions to 
the foul, and by w hich we are enabled to dif- 
cover, with fo much cafe and rapidity, every 
furrounding objcdl. 

In the drueflure of the eye we find the mofl; 
evident manifefiations of exquifitc art and defign, 
every part elegantly framed, nicely adjufted, and 
commodioufly placed, to anfiver in the mofl: per¬ 
fect manner every poflible good purpofe, and 
thus evince that it isj:he work of unerring wdf- 
dom, prompted to adiion by infinite love. 

manifold arc the blcflings we derive from 
this organ, that the mind of man feems almofl; 
inadequate to the conception, and his pen to the 
defeription of them. While it forms our ideas 
of magnitude and diftance, it annihilates fpacc, 
by placing the ncareft and mofl: diflant objeiffs 
clofe together. To it we arc indebted for the 
delightful fenfations that arife from the propor¬ 
tion and variety of forms, the harmonious mix¬ 
ture 
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lure of colours, and the graces of beauty. Ic 
enables us to feek, to fee, and to chufe our food j 
to go here and there, as the calls of fricndfhip, or 
the occafions of bufincfs, require; to traverfe 
the ocean, ranfack the bowels of the earth, vifit 
diftant regions, accumulate wealth, and multiply 
knowledge. Aflifted by it, we become ac¬ 
quainted w ith the works of the Creator, and can 
trace his wifdom, his pow er, and his goodnefs, 
in the texture of plants, the mcchaniim of ani¬ 
mals, and the glories of the heavens. 

The value of this fenfe is heightenccl, when 
we conlider the miferies attendant on the want 
of it; for among the numerous evils that affli( 5 t 
the human race, there is none morejuftly dreaded, 
nor more deeply deplored, than a deprivation of 
light. It is to have one of the chief inlets of hap- 
pinefs cut olf^ to be Ihut up in perpetual dax*k- 
nefs, to labour under ten thoufand inconve¬ 
niences, and to be expofed to continual dangers. 
How poignantly this lofs was felt by our great 
p>oct, is painfully evident from his own words; 

With the year 

Scafons return; but not to me returns 
Hay, or the fwcet’approach of ev’n or mom. 

Or light of vernal bloom, or funamcr's rofe^ 

B 2 Or 
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Or flocks, or herds, or human face divine ; 

But cloud inftead, and cver-during dark 
Surrounds me, from the chearful rays of men 
Cut off, and for the book of knowledge fair, 
Prefented with an univerfai blank 
Of nature's works, to me expung’d and raz’d. 
And wifdom at one entrance quite lliut out." 

A Jhort Dtfeription of the Eye. 

In deferibing the eye, it is natural to confidcr, 
firft, the external parts, then the internal, or 
thofe which are more immediately fubfervient to 
the purpofes of viflon. 

The eye, as is ■well known, is fltuated below 
the forehead; it is placed in a bony cavity, 
called the orbit; the form is globular, it is com¬ 
piled of fcveral coats ant! I. amours, andfurnifhed 
with veffels properly adapted to it’s various 
functions. 

The eye confifts of fcveral coats or teguments, 
which form a ball perfectly globular except on 
the fore part, which is a little more protuberant 
than the reft. Within this ball arc included 
three different liquids or trarifparcnt fubftances, 
called humours. 


The 
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The orbit of the eye is of a conical fhape, 
but rather irregular in it’s dimenfions ; it is com« 
pofed of feven bones, and lined with fat, which 
forms a foft bed for the eye to reft on, and faci¬ 
litates it's various motions. A confideraWe part 
of the bottom of the orbit is open for the ad- 
miflion and tranfmiftion of the nerves, veins, 
and arteries. 

Thole prominent arches of hair, which w'e 
term the cyebrozvs^ defend the eyes from the 
light when it is too ftrpng, and prevent theic 
being incommoded by any fubftances that might 
(lide down the forehead, and thence fill into the* 
eyes. That the eyebrows may be more cfl'ec- 
tually ufcfu'l, and fornt a more pcrTcifl fereen, they 
arc furniflicd with mufcles to draw them down, 
and corrugate them j and when we are walking 
in a dufty road, or when we areexpofed to a daz¬ 
zling light, we pull down the eyebrows,#and 
thereby ftiadc the eye from the glare, and protect 
it from the dull. Wc may gather from hence, 
that thofe fhades w hich cncompafs the forehead, 
and that project about three inches from it, are 
properly adapted to guard weak eyes from every 
offenllvc glare of light. 


The promindhey of the eyebrows gives a cha- 

B 3 raefter 
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tz<9:cr to the face; and hence Le Brun, in his 
diredlions to a painter, with regard to the paflions, 
places in them the principal force of expreflion. 
The cj^ebrows form a deep lhadc on the canvas, 
which relieves the other colours and features. A 
deprefllon of the eyebrow is an indication of con¬ 
cern and grief; whilft an elevation thereof lliews 
that the mind is either affected ^^ithjoy, or en¬ 
joying the fcrcnc delights of tranquillity. 

The eyelidst like two fiibflantial curtains, 
proteeftand cover the eyes while wcflecp; when 
we are awake, they diffufe, by their motion, a 
fluid over the eye, which cleans and polilhes it, 
and thus renders it fitter for tranfrnitting the rays 
of light. 

Each eye is furnifhed with two lids, the one 
fuperior, the other inferior, joining at the two 
cxtrcfmities, which are called canthiy or angles. 
Both eyelids are lined with a membrane, which 
alfo infolds as much of the globe of the eye as is 
called the white, and it prevents any duft, or 
other extraneous particles, from getting behind 
the eye into the orbit. 

That the eyelids may fhut with greater exadl- 
jicfs, and not fall into w'rinkles when they arc 

elevated 
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elevated or deprefled, each edge is ftiffened by a 
cartilaginous arch. The eyciadics, like two 
palifadcs of Ihort hair, proceed from thefe carti¬ 
laginous edges, warning the eye of danger, pro¬ 
tecting it irom draggi ng motes, and warding off 
the wandering fly. TiK-y alio intercept many 
rays ]3rocecding from objv ct.s chat are above j^he 
axis of vition, and thereby render the images of 
other objects more dilli nCf and lively : tor, as in 
the camcia ookura, the image is always brighteft 
when lu) l u x s arc allowed to enter, but thole 
which form the picture. • The eyelaflies contri¬ 
bute their iliare in giving beautv to the face, to 
fofteli the outlines of the eyelids, add throw a 
miidnefs on the features. 

Both the eyelids are moveable; but the upper 
one moftly fo, the lower one moving but little, 
being rather obfequious to the motions of the 
adjacent parts, than moved by any partieular 
forces of it’s own. The hairs of the eyelaihes 
grow only to a certain length, and neve* need 
cutting; the points of the fuperior one are bent 
upwards, thofe of the lower cyclalTi downwards. 
Thus whenever w c can trace things to their final 
caufe, we find them always marked with defign, 
and can find no circumdance fo minute, as to 
fifeape the attention of the Supreme Being. 

B 4 From 
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From what has been faid, we may perceive 
why the fight ofthofe, whole eyelalhcs arc blacky 
is, in general, much fironger than thofe who 
have them fair or white; the black eyelafiies are 
a better Ihade for the eye, and refletfl no light 
from their inner fide, to weaken and efface the 
picture on the retina. Montaltus gives an account 
of a young man, whole eyelalhes and eyebrows 
were of an intenfe white, and his fight obfeure 
^iuring the day, but clear at night. This perfon 
was taken prifoncr by the Moors, who dyed his 
eyelafiies black, by which his light'was much 
■ftrengthened; in courle of time the dye was 
walhed off, and the light became W'eak again. 
Dr. Ruflell, in his natural hiftory of Aleppo, 
fays, that it is the cuftom among the Turkilh 
women to black the inlide of their eyelids, not 
only as an ornament, but as a means of llrength- 
cning the fight. When the eyelalhcs are loft, a 
lymplom which frequently follows a malignant 
fmall-pox, the fight is always confiderably im- 
pairedJ 

By Ihutting the eyelids partially, we can ex¬ 
clude as much light as we pleafe, and thus further' 
defend the eyes from too ftrong a light, which 
every one’s experience proves to be as injurious 
to them^ as more grofs matter. Numerous are 

she 
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the melancholy inftanccs on record, which con¬ 
firm this truth: Xenophon relates, that many of 
his troops were blinded by the ftrong refledrion 
of light from the fnow over which tjiey were 
obli|^ed to march. Dionyfius, the tyrant of Si¬ 
cily, among other means which he ufed to gra¬ 
tify his revenge, and fatiate the cruelty of his 
temper, was accuftomed to bring forth his mi- 
fcrablc captives from the deep recefles of the 
darkeft dungeons, into white and well-lighted 
rooms, that he might blind them by the fudden 
tranfition from one extreme to the other. Ac¬ 
tuated by principles equally cruel,^ the Cartha¬ 
ginians cut olf the eyelids of Regulus, and then 
expofed him to the bright rays of the fun, by 
which he w as very foon blinded. 

, Thefe fa< 5 ls make it clear that a protuberant 
eye is not fb well conftituted for vifion, as one 
that is deep funk in the head : neither extreme is 
indeed defirablc, yet undoubtedly, of the two, 
that which is deep fet is preferable, as affording 
the clearell: light, and being lead liable to in¬ 
juries from external accidents. 

Thofe animals which hav^hard crudaceous 
eyes, as the lobder, crab, &:c. have no eyelids5 
>vhereas mod brute anmals have an additional 

pnCf 
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one, called the nWitating memhraney which 
they draw over their eyes like a curtain, to wipe 
off whatever incommodes them. 

The velocity with which the eyelids move to 
and fro is fo great, that it docs not in the leaft 
impede the light. This curious circumftance 
may be illuftrated by the w'ell-known phaeno- 
menon of a burning coal appearing like a ring 
of fire, when whirled round about with rapidity, 
in the circumference of a circle. Now it is highly 
probable, that the fenfation of the coal, in the 
fqveral places of the circle, remains on the mind 
Yintil it returns again to the fame place. If, 
therefore, our eyelids take no longer time to pafs 
and repafs upon our eyes, than w hat the coal of 
fire takes to go round, the impreifion made by 
any objeift on the t ye will fiiffcr no fenfible inter¬ 
ruption from this motion. 

To prevent the eyelids adhering together, they 
are fupplied with a row of febaccous glandules, 
which difeharge a foft liniment, that mixes with, 
and is W'afhed ofi'w ith the tears. 

The lachrymal gland is placed in the upper 
and outer part of the orbit. It is defigned 
to furniih at all times w’^atcr enough to keep the 

outer 
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outer furface of the eye moifl-, and thus give the 
cornea a greater degree of pellucidity. In order 
that this liquor may be rightly difpofed of, wc 
frequently clofc the eyelids without toeing coa- 
feious of it. 

At the inner corner of the eye, between the 
eyelids, ftands a caruncle, whofe office feems to 
be to keep that corner of the eye from being 
totally clofcd; fo that any tears, &c. may flow 
from under the eyelids w hen w'e fleep, into the 
pun5la lachrymaiiay which are little holes, one 
in each eyelid, near the corner, for carrying 
into the nofe any fuperfluous tears. 


The eye is furni filed with fix mufcles, which 
fpread their tendons far over the eye; by thefc it 
can be moved upwards and downwards to either 
fide, and in every intermediate diredlion, and 
thus view furrounding objefls without Aoving 
the head. To facilitate thefe motions, a great 
quantity of loofe fat is placed all round the globe 
of the eye, betw’een it and the orbit. Four of 
the mufcles arc firait, and two oblique; of the 
firait mufcles, two are fituated vertically oppofite 
one another, and the other two horizontally, 
^ach of the fix has a proper name, according to 
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it’s fituation and office. I cannot pais over the 
mufcles, without taking notice of a flriking in- 
fiance of defign in ihe wife difpolition of the 
parts. It is ibnietimcs ncccflary to have an ob¬ 
lique motion of the eye, towards the nofe, and 
there being no room on that fide for mufclcs, a 
fmalWbone is placed on the fide of the nofe, with 
a hole in it, to ferve as a pulley, through which 
the tendon of a mufcle pafics to a convenient in- 
fertion, and thereby fuch an oblique motion is 
given to the eye, as would otherwife have been 
impoffible. 

9 

The eyes arc placed in the mofl eminent part 
of the body, near the brain, the feat of fenfation. 
From their elevated fituation, our profpcdl is en¬ 
larged, and the number of objects, taken in at 
one view, increafed; we command an ample 
horizon on earth, and a glorious hemifpherc of 
the heavens. 

Ever^'' part of the human frame affords indif- 
putable proofs of the wifdom and beneficence of 
it’s Creator, becaufe all are adapted to anfwer in 
the beft manner the end for w hich they were 
formed. Thus the globular figure of the eye is 
the moft commodious that w'e can form any idea 
of, the bed adapted for facilitating the various 

motions 
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motions of the eye, for containing the humours 
within, and receiving the images from without. 

Many arc the advantages that are derived from 
our having two eyes, fome that are known, others 
that are unknown ? for the correfpondence of the 
double parts in the human frame, and thei» rela¬ 
tion to the ♦w'o great faculties of the human 
mind, has not been fufficiently attended to by 
anatomifts. By having two eyes, the light is 
rendered ftrongcr, and the vifion more perfect; 
for as each eye lookS upon the fame objed:, a. 
more forcible imprellion is made,^and a livelier 
conception formed by the mind. 

The eyes together view an objed in a different 
lituation from what cither of them apart would 
do, and enable us to perceive fmall dillances 
accurately. Hence wc find, that thofe who have 
loft the fight of opc eye, arc apt to make miftakes 
in the dlftances of objeds, even within arm's 
length, that are c.-fily avoided by thofe W'ho fee 
with both eyes. Such miftakes are principally 
feen in fnuffing a candle, threading a needle, or 
in filling a tea-cup. This aptnefs’to misjudge 
diftances and fituations is, however, gradually 
diminilhed by time and pradice. 


When 
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When an objedt is placed at a moderate 
diftance, we fee more of it by means of the two 
eyes, than we poflibly could with one; the right 
eye feeing more of the right lide, and the left eye 
more of it’s rorrefponding fide. Thus by both 
eyes we fee in fome meafure round an objedl: 
and-ait is this which aflifis in giving that bold 
relievo, which m c fee in nature, and which no 
painting, how exquifite foever, can attain to. 
The painter muft be contented with fiiading on a 
flat furface; but the eyes, in obferving natural 
objects, perceive not only the fhading, but a 
pflirt of the figure that lies behind thofe very 
lhadings. The perception we have of difiance 
with one eye, as was juft now obferved, is more 
uncertain, and more liable to deception than 
that which we have by both; therefore, if the 
lhadingand relief be executed in the beft manner, 
the pidlure may have almoft the fame appearance 
to one hye as the objedls themfclves would have, 
but it cannot have the fame appearance to both. 
This is riot the fault of the artift, but an imper- 
fedlion in the art. To remove thefe defers, the 
connoifleurs in painting look at a picture with 
one eye through a tube, which excludes the view 
of all other obje<5ts. If the aperture in the tube 
next the eve be fmall, we have no means left to 

judge 
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judge of the diftacce but the light and colour, 
which arc in the painter’s power.* 

An objecH: feen with both eyes, appears a little 
brighter, or more luminous, than it does when 
feen with one alone, as will be evident by look¬ 
ing alternately with both eyes and with oneoijly: 
and the difference of brightnefs will be ftill more 
manifeft, if at the fame time that a part of a flat 
objedt, of an uniform colour, is feen with both 
eyes, the light from the adjacent part is excluded 
from one of them; which may be done, by ap¬ 
plying a book to one fide of the head, fo that ^t 
may reach a little forwarder than the face. But 
although the diflcrcnce of brightnefs, in the two 
cafes, is very perceptible, yet it is not very con- 
fiderable, nor is it eafy to determine it accurately. 
Dr. Jurin, by a variety of experiments, con¬ 
cluded, that an objedl feen with both his eyes, 
appeared only one thirteenth part brighter, than 
when feen with one alone. 

Our eyes have an uniform or parallel motion, 
by which, when one is turned to the right or 
left, upwards or downwards, or ftrait forwards, 
the other always goes along with it in the fame 
dirC(5lion. When both eyes arc open, we find 

them 


* Reid’s Inquiry into the Human Mind. 
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them always turned the fame way, as if both 

were acSlcd upon by the fame motive force. This 
phaonomenon is the more finguJar, as the mu/1 
cles which move the two eyes, and the nerves 
which ferve thefe mufcles, are emircly di/lin(5l 
and unconnec^led. 

To account for and explain the cau/e of this 
motion, has puzzled the philofopher, and em- 
barrafled the anatomift: that it orginates from 
the grand moving principle, or generating caufe 
within us, the mind, there can be little doubt; 
hut how the mind operates, to produce this cfFedt, 
we are altogether ignorant. Some cfFedlual pur- 
pofes are no doubt anfwered by this motion, for 
nothing is created in vain. One is fuppofed to 
be that of feeing objedls fingle that are viewed 
with both eyes; for there are two pidlures formed 
of every objedl, one in each eye. Hence, if 
any of the mufcles of one eye, either from fpafm, 
paralyfis, or any other caufc, is reftrained from 
followihg the motion of the other, every objecT: 
will be feen double. The fame cfFedt is produced, 
if while we are looking at any objedl, we alter the 
diredlion of one of our eyes, by prefling it afide 
with the finger; an experiment frequently made 
by children, who are generally delighted with 
any uncommon appearance. 


Whatever 
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Whatever may be the caufc, the faeft is certain, 
that the object is not multiplied as well as the 
organ, and appears but one, though feen with 
two eyes: another inftance of the (kill of the 
contriver of this noble organ, and the exquifite 
art he employed in the formation of it. 

Having confidered the principal external parts 
of the eye, and ftiewn that they are framed to 
prote(fl this delicate organ, with a care ftricflly 
proportioned to it’s curious texture and extenlive 
ufefulncfs, that it i^ fortified with ftrong bones, 
lodged in a deep receptacle, and guard,ed with a « 
moveable cover; we now proceed to treat of the 
internal parts, or thofe which confiitutc the globe 
of the eye. 


Of the Globe of the Eye, 

“ If the conftru(51:ion of the univerfe were hot 
fo evident a proof of the exiftence of a fupremely. 
wife and benevolent Creator, as to render "par¬ 
ticular arguments unnecellary, the ftrud:urc of 
the eye might be offered as one, by no means 
the leaft; this inftance, among numberlefs others, 
demonftrating that the beft performances of art 
are infinitely fhort of thofe which are continually 
produced by the Divine Mechanic. 

C 


The 
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The globe of the eye, or the organ of fight, 
may be defined in general as a kind of cafe, con- 
fifting of fevcral coats, containing three pellucid 
hunnours, which are fo adjufied, that the rays 
proceeding from luminous objecfls, and admitted 
at a hole in the fore part of the eye, are brought 
tQ, a focus upon the back part of it, where they 
fall upon a foft pulpy fubftance, from whence 
the mind receives it’s intelligence of vifible ob- 
jc(5i:s. 

It is not to be e»rpc<5led, that any account 
given of the eye can be altogether accurate; for 
as it is impoflible to examine all l?he parts of the 
eye whilll in a natural and living ftate, fo it is 
alfo nearly impoflible, w'hen it is taken our of it’s 
focket, to preferve the figure of the parts entire; 
a circumftancc which accounts for the dilagrce^ 
ment we find among anatorhifts. 

Of the Coats of the Eye. 

The eye is compofed externally of three coats 
or teguments, one covering the other, and form¬ 
ing a bail perfectly globular, except at the fore 
part, which is a little more protuberant than the 
reft; within this ball arc three different fub- 
ftances, called humours. 


The 
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The firft, or outer coat, is called the fcleroticai 
the fccond, or middle one, is called the cboroides: 
the interior one is named the retina. 

Sclerotica. Cornea. 

The exterior membrane, which inclofes and 
covers the whole eye, is called the fclerotica 
and cornea: it is, however, flridlly fpeaking, 
but one and the fame membrane, with different 
names appropriated to different parts: the hinder 
and opake part being more generally denominated 
the fclerotica, the fore and tranlparcnc p*art the 
cornea. 

The fclerotica is hard, elaflic, of a white 
colour, refembling a kind of parchment; the 
hinder part is very thick and opake, but it grows 
gradually thinner as it advances towards the? 
part where the w hire of the eye terminates. The 
forepart is thinner, and tranfparent; it is alfb 
more protuberant and convex than the reft of 
the eye, appearing like a fcgmcnc of a fmall 
fphere applied to a larger, and is called cornea 
from it’s tranfparency. The cornea is thick, 
ftrong, and infenlible; it’s tranfparency is ne- 
ceflary for the free admiflion of the light. This 
membrane is compofed of feveral plates, laid 

C 2 one 
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one over the other, replenifhed with a clear 
water, and pellucid vcflcls; thefe plates are more 
evidently diftin(5l in the fore than the hinder 
part.' The fclerotica is embraced on it*s outfide 
by fix mufcles, by w hich the eye may be moved 
in any diredtion. 

Choroides. Uvea. Iris. 

Under the fclerotica is a membrane, known 
by the name of the choroidess it is a foft and ten¬ 
der coat compofed ®f innumerable vellels ; it is 
concentric to the fclerotica, and adheres clolcly 
to it by a cellular fubftance, and many vcflels* 
This membrane is outwardly of a brown colour, 
but inwardly of a more ruflet brown, almofi: 
black. Like the fclerotica, it is diflinguifhed 
by two different names, the fore part being 
called the uvea^ w’hile the hinder part retains 
the name of the choroides. 

The fore part commences at the place where 
the cornea begins ; it here attaches itfelf more 
ftrongly to the fclerotica by a cellular fubfiance. 
forming a kind of white narrow circular rim s 
the choroides ieparates at this place from the 
fclerotica, changes it*s diredlion, turning, or ra¬ 
ther folding, diredlly inwards, towards the axis 
•f the eye, cutting the eye as it were tranf* 

vcrfely: 
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vcrfcly: in the middle of this part is a round 
hole, called the pupil, or fight of the eye : the 
pupil is not exadily in the middle of the iris, that 
is to fay, the centers of the pupil and iris do 
not coincide, the former being a little neai;cr the 
nofc than the latter. 

This part, when it has changed it*s diretflioni 
is no longer called the choroides; but the ante¬ 
rior furface, which is of difterent colours, in 
different fubjeeffs, is called the iris s the poftcrior 
furface is called the iivea^ from the black colour 
w'ith which it is painted. 'The iris has a fmooth 
velvet-like appearance, and feems to ^onfift of 
fmall filaments regularly difpofed, and dire61:cd 
towards the center of the pupil. 

The eye is denominated blue, black, &c. ac¬ 
cording to the colour of the iris. The more 
general colours are the hazel and the blue, and 
very often both thefe colours are found in the 
fame eye. It has been obferved, that in general 
thofe, whofe hair and complexion are hght- 
colourcd, have the iris blue or grey; and on the 
contrary, thofe whofe hair and complexion are 
dark, have the iris of a deep brow n: w'hcther 
this occafions any difference in the fenfe of vifion, 
is not difcovcrable. Thofe eyes which are called 

C 3 black. 
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black, when narrowly infpcifled, arc only of a 
dark hazel colour, appearing black, becaufe they 
are contrafted with the white of the eye. “ The 
black and the blue are the nnoft beautiful colours, 
and give moft fire and vivacity of exprcflion to 
the eye. In black eyes there is more force and 
impetuofity; but the blue excel in fweetnefs and 
delicacy.** 

The pupil of the eye has no determinate llze, 
being greater or fmaller, according to the quan¬ 
tity of light that falls upon the eye. When the 
light is ftrong, or the Vifual obje<Sl too luminous, 
we contract the pupil, in order to intercept a part 
of the light, which w'ould otherwife hurt or 
dazzle our eyes; but when the light is weak, we 
enlarge the pupil, that a greater quantity may 
enter the eye, and thus make a llronger im- 
preflion upon it. This aperture dilates alfo for 
viewing didant objecfls, and becomes narrower 
for* fuch, as are near. The contraction of the 
pupil is a ftate of violence, effected by an exertion 
of the will: the dilatation is aremiflion of power, 
or rather an intermiflion of volition.* The la¬ 
titude 

* ABatomllls obferve, that in animals of prey, both beafts 
and birds, the pupil is round as in man, which fits them to 
fee every way j but in large animals which feed on grafs, 

the 
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titudc of contradlion and dilatation of the pupil 
is very confidcrable; and it is very admirable, 
that while the pupil changes it’s magnitude it pre- 
ferves it’s figure, 

Anatomifts are not agreed, whether the iris be 
compofed of two fets of fibres, the orbicular and 
radial, or of either. Haller fays, he could never 
difeover the orbicular fibres, even with a mi- 
crofeope; the radial feem vifible to the naked 
eye, and are fufficient to anfwer all the purpofes 
required in the motion ^of the iris: when the 
pupil is contracted the radial fibres are ftrait, 
when it is dilated they arc drawn into 'ferpcntinc 
folds. 

In children this aperture is more dilated than 
in grown perfons. Jn elderly people it is (till 
fmaller than in adults, and has but little motion; 
hence it is, that thofc who begin to w ant ipe^a- 
cles, are obliged to hold the candle between the 
eye and the paper they read, that the fi:rong,light 
of the candle may force their rigid pupils into 
fuch a ftate of contradlion, as will enable them 

C 4 to 

the pupil is oblong horizontally, for taking in a large circu¬ 
lar fpace of ground: the pupil in animals of the cat kind, 
which climb trees, and want to look upwards and down¬ 
wards, is oblong vertically* 
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to fee diftindlljr. Thofc who arc fliort-fighted, 
have the pupils of their eyes, in general, very- 
large; whereas in thofe whofe eyes are perfefl, 
or long-fighted, they arc much fmaller. 

The whole of the choroidcs is opake, by which 
nicans no light is allowed to enter into the eye, 
but what pafles through the pupil. To render 
this opacity more perfcQ, and the chamber of 
the eye ftill darker, the poflcrior furface of 
this membrane is covered all over with a black 
mucus, called the pigmentum nigrum. This 
pigment is thinned upon the concave fide of the 
choroides,' near the retina, and on the fore fide 
of the iris; but is thickeft on the exterior fide 
of the choroides, and the inner fide of the uvea. 

The circular edge of the choroides, at that 
part where it folds inwards to form the uvea, 
feems to be of a different fubfiance from the reft 
of the membrane, being much harder, more 
denfe^ and of a white colour; it has been called 
by fome writers the ciliary circle, becaufc the 
ligamentum ciliare (of which we fhall foon 
fpe^k) arifes from it. 
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The third and laft membrane of the eye is 
called the retina, bccaufe it is fpread like a net 
over the bottom of the eye; others tierive the 
name from the refemblance of the net which the 
gladiators called retiarii employed to entangle 
their antagonifts. It is the thinneft and leaf! 
folid of the three coats, a fine expanfion of the 
medullary part of the optic nerve. The convex 
fide of it lines the choroides, the concave fide 
covers the furface of the vitreous humour, ter¬ 
minating where the choroides folds inwards. 
It is an eflcntial organ of vifion; on it the images 
of objccls are reprefented, and their pi<5lure 
formed. This membrane appears to be black 
in infants, not fo black at the age of twenty, of a 
grcyifli colour about the thirtieth year, and in 
very old age almoft white. The retina, however, 
is always tranfparent and colourlels : an)^ appa¬ 
rent changes, therefore, of it’s colour mull de¬ 
pend upon alterations of the pigmentum^ •which is 
fecn through it. 


Optic Nerve. 


Behind all the coats is fituated the optic nerve, 
which pafies out of the Icull, through a fmall 

hole 
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hole in the bottom of the orbit which contains 
the eye. It enters the orbit a little infle<51ed, of 
a figure fomewhat round, but compreflTed, and 
is inferted into the globe of the eye, not in the 
middle, but a little higher and nearer to the nofe; 
an artery runs through the optic nerve, goes ftrait 
through the vitreous humour, and ipreads itfelf 
on the membrane that covers the backfide of the 
cryftalline. 

Monf. Mariotte has demonftrated, that our 
eyes are infenfible at the place where the optic 
nerve enters: if, thercfofe, this nerve had been 
lituated in the axis of the eye itfelf, then the 
middle part of every objeifl would have been in- 
vifible, and where all things contribute to make 
us fee beft, we fhould not have feen at all; but 
it is wifely placed by the divine artifl for this 
and other advantageous purpofes, not in the mid¬ 
dle, bur, as w'e have already obferved, a little 
higher and nearer to the nofe. 

Of the Humours of the Eye, 

The coats of the eye, which inveft and fupport 
each other, after the manner of an onion, or 
other bulbous root, include it’s humours, by 
which name are underftood three fubllances, the 
one a folid, the fecond a foft body, and the third 

truly 
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truly a liquor. Thefc fubftances arc of Aich 
forms and tranfparcncy, as not only to tranfmit 
readily the rays of light, but alfo to give them the 
polition befl: adapted for the purpofes of vifion. 
They are clear like water, and do ndl tinge the 
objc<St with any particular colour. 

Aqueous Humourm 

The moft fluid of the three humours is called the 
aqueous one, filling thie great interftice between 
the cornea and the pupil, and alfo the fmall fpacc 
extending from the uvea to the cryfialline lens; " 
it is thin and clear like water, though fomewfiat 
more fpirituous and vifcuous ; it’s quantity is fo 
confiderable, that it fw-ells out the fore part of 
the eye into a protuberance very favourable to 
vifion. The uvea fwims in this fluid. It covers 
the fore part of the cryftalline; that part of this 
humour which lies before the uvea, communi¬ 
cates with that which is behind, by the hole 
which forms the pupil of the eye. It is ^included 
in a membrane, fo tender, that it cannot be made 
vifiblc, nor preferved, without the moft con¬ 
centrated lixivial fluid. 

It has not been clearly afeertained w hence this 
humour is derived s but it’s fource muft be plen¬ 
tiful ; 
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tiful; for if the coat containing it be fo wounded 

that all the humour runs out, and the eye be kept 

clofed for a feafon, the wound will heal, and the 

fluid be recruited. 

€ 

The colour and confiftence of this humour 
alters,with age; it becomes thicker, cloudy, and 
lefs tranfparent, as we advance in years, which 
is one reafon, among others, why many elderly 
people do not reap all that benefit from Ipecflaclcs 
which they might naturally expc<n:. 

Cryjlallim* 

The fecond humour of the eye is the cryjialline, 
which is ar tranfparcnt as the pureft cryftal; and 
though lefs in quantity than the aqueous humour, 
yet it is of equal weight, being of a more denfc 
and folid nature; in confiftency it is fomewhat 
like a Hard jelly, growing foftcr from the middle 
outwards. It’s form is that of a double convex 
lens, of unequal convexities, the moft convex 
part being received into an equal concavity in 
the vitreous humour. 

The cryftalline is contained in a kind of cafe, 
or capfule, the fore part of which is very thick 
and eladic, the hinder part is thinner and foftcr. 

This 
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This capfule is fufpended in it*s place by a muC. 
cle called ligamenttim ciliare, which, together with 
the cryftalline, divides the globe of the eye into 
tuo unequal portions; the firft and (mailer one 
contains the aqueous humour, the hinder and 
larger part the vitreous humour. The cryftal- 
line has no vifible communication with it*s 
capfule, for as foon as this is opened the humour 
w ithin flips clean out. 

The cryftallinc is placed fo, that it*s axis cor- 
refponds w'ith that of the pupil, and confequent- 
ly it is not cxaclly in a vertical plane dividing 4 :he 
eye into two equal parts; but ibmewhat nearer 
the nofe. It is formed of concentric plates or 
(bales, fuccccding each other, and thefe fcales 
are formed of fibres elegantly figured, and wound 
up in a ftupendous manner; thefe are connafled 
by cellular fibres, fo as to form a tender cellular 
texture. Between thele fcales is a pellucid li¬ 
quor, which in old age becomes of a yellow co¬ 
lour. The innermoft fcales lie cloler together, 
and form at lafl: a fort of nucleus, harder than 
the reft of the lens. The cryftallinc has no vi- 
fiblc communication with it’s capfule, fb that 
when this is opened, it readily flips out; (bme 
fay, that a fmall quantity of water is effufed round 
it. Leeuwenhocck has computed that there are 

near 
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near two thoufand laminae, or (calcs, in one 
cryftalline, and that each of thefe is made up of 
a (ingle fibre, or fine thread, running this way 
and that, kn fcveral courfes, and meeting in as 
many centers, and yet not interfering with, or 
crofling each other. 

The yellow colour wherewith the cryftalline is 
more and more tinged as wc advance in years, 
muft make all obje(5ls appear more and more 
tinged with that colour : nor docs our being in- 
•fenfible of any change in the colour ofobjeefts, 
prove to us that their colour continues the fame; 
for in order that we fhould be fenfible of this 
change, the tiiufture muft not only be confider- 
able. but it muft happen on a fudden, as will be 
more fully explained hereafter. In the catarajfi 
it is opakej the feat of thii: difordcr is in the 
crj'ftalline lens. 


Vitreous Humour. 

i 

The vitreous is the third humour of the eye; 
it receives it's name from it’s appearance, which 
is like that of melted glafs. It is neither fo hard 
as the cryftalline, nor fo liquid as the aqueous 
humour; it fills the greateft part of the eye, ex¬ 
tending from the infertion of the optic nerve to 

the 
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the cryftalline humour. It fupports the retina, 
and keeps it at a proper diiVance for receivings 
and forming diftin<5l images ofobjed:s. 

The vitreous humour is contained in a ver>* 
thin pellucid membrane, and concave at it*s fore 
part, to receive the cryftalline ; at this place it’s 
membrane divides into two, the one covering the 
cavity in which the cryftalline lies, the other 
pafling above, and covering the fore part of the 
cryftalline, thus forming a kind of (heath for 
the cryftalline. The fabric of the vitreous hu¬ 
mour is cellular, the fubftance of it being divided, 
by a very fine tranfparciit membrane into cel¬ 
lules, or little membranous compartments, con¬ 
taining a very tranfparcnt liquor. 

Ligamentuni Ciliare, 

There is ftill one part to be deferibed, wh*ich, 
though very delicate and fmall, is of great im¬ 
portance; it is called the ligamentum clliarc, 
bccaufc it is compofed of final! filaments, or fi¬ 
bres, not unlike the cilia, or eyelafhes; thefe 
fibres arife from the'infidc of the ctioroides, all 
round the circular edge, where it joins the uvea; 
from whence they run upon the fore part of the 
vitreous humour, at that place where it divides 

to 
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to cover the cryftallinc; thofe fibres are at fbmc 
diilance frompne another, but the intcrfticcs are 
filled up with a dark-coloured mucus, giving it 
the appearance of a black membrane. 

Of the Figure reprejenting the Eye. 

Figure i, reprefents a fetflion of the eye thro’ 
the middle, by an horizontal plane palling 
through both eyes; the diameter of the figure is 
about twice the diameter of the human eye. 

The outermoft coat, which is called Jderotica, 
is reprefented by the fpace between the o exte¬ 
rior circles BFB; the more globu..'r parr, 
adjoining to the fclerotica at the points B B re¬ 
prefented by the fpace between the tw’o circles 
at BAB, is the ror/AfiS. 

The next coat under the fclerotica is a mem¬ 
brane of Icfs firmnefs, reprefented by the two 
innermofi; circles of B F B, and called the cho- 
roides. 

Adjoining to the choroides, at BB, is a fiat 
membrane, called the uvea, a a is the pupil, 
being a fmall hole in the uvea, a little nearer the 
nofe than the middle. 


Vthc 
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V the optic nerve: the fibres of this nerve, 
after their entrance into the eye, fpread them- 
fclves over the choroides, forming a thin mem¬ 
brane, called the retina, and is reprefented in 
the figure by the thick lliade contiguous to the 
circle BFB. 

E E is the cryjialline humour; it is fufpended 
by a mulr^ ' B b b B, called the ligamentum cili~ 
nrr. Thii ..uiklc ti ifes behind the uvea at BB, 
wh the f !Tocica and cornea join together at 
b D; it enters tlie capfula, and thence fpreads over 
i« great part ol it’s anterior furflice. 

The aqueous humour occupies the fpace 
B A BbCb. 

The larger fpace BbDbBF contains the 
vitreous humour. 

The foregoing defeription, we prefume, will 
be found fufficicnt to give the reader a geiTcral 
idea of the condruution of this wtinJcrful organ : 
for a fuller account wc rnufl refer him to the 
writers on anatomy. Enough has been exhibited 
to fliew with what art ami wifdorn the eye has 
been con flruclcd. “And h" muf be very ig¬ 
norant of it’s flrucLurc, or have a very (1 range 

D caft 
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cart of underftanding, who can (erioufly doubt, 
whether or not the rays of light and the eye were 
made f9r one another, with confummate w ifdom, 
and perfecl fkill in optics.** 

If we (liquid fuppofe an order of beings en¬ 
dued with every human faculty but that of light, 
how incredible would it appear to fuch beings, 
accullomed only to the flow information of touch, 
that, by the addition of an organ, conlifting of 
a ball and focket of an inch diameter, they might 
be enabled, in an inflant of time, without chang¬ 
ing their place, to perceive the difpolition of a 
whole army, the order of a battle, the figure of a 
magnificent palace, or all the variety of a beau¬ 
tiful landfcape? If a man were, by feeling, to 
find out the figure of the Peak of Tcneritfe, or 
even of St. Peter’s church at Rome, it would be 
the work of a life-time. 

•‘ It would appear ftill more incredible to fuch 
beings as we have fuppofed, if they were informed 
of the difeoveries w^hich may be made by this 
little organ, in things far beyond the reach of any 
other fenfe. That, by means of it, we can find 
our way on the pathlefs ocean, traverfe the globe 
of the earth, determine it’s fize and figure, mca- 

iure 
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fure the planetary orbs, and make difcoveries in 
the /phcre of the fixed fiars, 

“ Would it not appear fiill more afionifiiing 
to thefc beings, if they fiiould be further in¬ 
formed, that by means of this organ we can 
perceive the tempers and difpofitions, the affec¬ 
tions and palTions, of our fellow-creatures, even 
when they want mofi: to conceal them ? that by 
this organ we can often perceive what is ilraic 
and crooked, in the mind as well as the body: 
tha.t it participates of every mental emotion, the 
fofteft and mofi: tender, as well as the moft 
violent and tumultuous: that it exhibits thefe 
emotions with force, and infufes into the foul of 
the fpcdlator the lire and the agitation of that 
mind in which they originate? To many myfi. 
icrious things mull a blind man give credit, if 
he will believe the relations of ihofc that fed 
his faith muft exceed that which the poor 
fceptic derides as impoITiblc, or condemns ,as 
abfurd. 

** It is not, therefore, without rcafbn, that the 
faculty of feeing is looked upon as more noble 
than the other fenfes, as having fomething in it 
fuperior to fenfation, as the fenfc of the under- 

D 2 Handing, 
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Handing, the language of intelligence. The 
evidence of rcafbn is called feeing^ not feeling 
fmelling, tailing; nay, wc exprefs the manner 
of the divine knowledge by jeeing, as that kind 
of knowledge which is moil perfedl in our« 
fclves.*’* 

* Reid*s Inquiry into the Human Mind* 



0/ 



Es.say on Vision. 


37 


Of the Nature and Properties of Light and f 

Vifon, 

B efore we can attain any fatisfatHrory 
knowledge of the nature of vifion, it will 
be neceflary to point out fbme of the properties 
of light. There is no part of the inanimate 
creation more wonderful and aQonifhing than the 
rays of light, and the phsenomena occafioned by 
them: the know ledge of thefe properties, and 
the nature of vifion, is w ith propriety reckoned 
as one of the moft important articles of natural 
knowledge: it conflitutes the fcience of optics^ 
on whofe utility and excellence it would be need- 
lefs to expatiate, after obferving, that to this 
fcience w'e owe the invention of thofe optical ma¬ 
chines, which corre< 5 t the imperfections of fight, 
and increafe it’s natural powers; making us a<;- 
quainted with beings w hofc minutencls renders 
them imperceptible, and bringing to hand ob- 
jc< 5 ts, whofe remote fituation affords to the eye 
either no information, or fuch as is imperfe(5l 
suid erroneous. 

The rays of light are of fuch extreme minute- 
pefs, as to pervade with facility bodies of thp 

Dj clofcft; 
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clofeft texture, and greateft denfity: their ve¬ 
locity is fo great, that if the particles of light 
were equal in inafs to the one millionth part of a 
grain of fand, we (hould no more be able to en¬ 
dure their impulfe, than that of fand Ihot point- 
blank from a cannon. The rays crofs each other 
in all directions, without the leaft dillurbancc; 
for through a hole, not exceeding one-hundredth 
part of an inch in diameter, we can eafily view the 
objects, which occupy almofl an entire hemi- 
fphere; the light proceeding from all thefe 
objects muft, therefore, pafs at the fame time 
through the hole in a great variety of directions, 
before they arrive at the eye, and that without 
interfering with each other, and preventing the 
fight of the objects. How cxquifitcly minute 
muft thefe particles be, that myriads of them can 
move promifcuoufly all manner of ways, without 
impinging on«? another. That light moves with 
greater velocity than found, is known to every 
one; becaufe the flafti of a gun, fired at a con- 
fidcrable difiance, will be feen fomc time before 
the found is heard; but found is knt>wn to move 
at the rate of 1142 feet in a fecond of time. It 
was referved, however, to modern aftronomers, to 
difeover with exaiftnefs the velocity of light j and 
from their obfervations it appears, that it pafles 
through about one hundred and feventy thoufand 

geogra- 
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geographical miles in a fecond of our time. 
Milton invokes light in the following fublime 
manner. 

"Hail, holy light, offspring of hcav’n firft-born; 

Or of th* eternal co-etcrnal beam 

May I exprefs thee unblam’d ? fince God is light. 

And never but in unapproached light 

Dwelt from eternity, dwelt them in thcc. 

Bright effluence of bright effence increate. 

Or bear’d thou rather pure ethcrial dream, 
Whofc fountain who (hall tell ? before the fun. 
Before the heavens thou wert, and at the voice 
Of God, as with a mantle, didd inved 
The rifing world of waters, dark and deep; 

Won from the void and formlcfs infinite.” 

Whatever is feen or beheld by the eye, is by 
opticians called an obje^i. 

They confider every objecl as made up of a vad 
number of minute points, and that each of thefe 
points, by an unknown power, fends forth or 
reficvfls rays of light in all dire£lions, and is thus 
the center of a fphere of light, extending indefi¬ 
nitely on all lldes. 


Da 


To 
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To render this plainer, let us fuppofe one point 
of an objcifl to be fingled out from the reft, and 
reprefented by P, fig. 4, then the lines proceed¬ 
ing from it may be conlidercd as the rays of light. 
Now it is evident, by infpe< 5 ling the figure, that 
in whatever pofition the eye be placed, whether 
at A, at B, or C, 6cc. the point will be vifibic, 
rays being fent from it to every part. 

It appears further, from all experiments that 
have hitherto been made, that the rays of light 
proceed from every point of an objedl in firait 
lines; but that they are refracted or bent out of 
this reclilinear courfc, whenever the denfity of 
the medium, through which they pafs, is in- 
creafed or diminiflicd. 

By a medium^ in the language of opticians, is 
meaiit any traiifparcnt fubftance, folid or fluid, 
through w hich light pafTcs. 

Oiic medium is faid to be more denfc than 
ar)othcr, when it contains more matter in the 
fame bulk or iizc: thus glafs is more denfe than 
V. atcT, w ater is more denfc than air. 

Light is more rcfradlcd, or bent, in pafling 
irqm air into glafs, than from air into water; 

or. 
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pr, in other words, the denfer the medium is, 
ihc more the rays are bent, and approach a per¬ 
pendicular let fall from it's furface. An increafe 
of denfity is not the only circumftance which, 
augments the refradbng power of bodies, ailml- 
lar effedt is produced by an increafe of inflam¬ 
mability. 

The dirediion with which the rays of light fall 
on any medium, is as much to be confidered as 
it’s denfity. 

For if a ray falls perpendicularly on the furfape 
of any medium, it is not bent, but goes on in the 
fame diretflion in which it entered, the rcfradtioii 
only taking place when the rays fall obliquely, 
and is fo much greater, as the incidence is more 
oblique, and the medium is more denfe. I’hus, 
for example, the rays are more bent in paffin^ 
from air into glafs, than from air into wafer. 

The following pleafing and eafy experiment 
will give the reader a clear idea of what is meant 
by the refradiion of the rays of light; a w onder- 
ful property, to which w^c are indebted for all the 
advantages of vifion, and the affiftance received 
from glafles. 


Experiment, 
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Experiment. Into any ihallow veflel (a baibn) 
put a (hilling, and retire to fuch a diflance as that 
you can juft fee the farther edge of the Chilling, 
but no more^ let the veflel, the (hilling, and 
your eye, remain in the fame fltuation, while an 
afliflant fills up the veflTel with water, and the 
whole (hilling will then become vifible. 

Thus the eye E, fig. 2, can fee no part of the 
piece of money bDin an empty bafon B; but 
pour water into the bafon up to c, and the whole 
piece will be feen; becaufe the ray A c D, which 
W'as ftrait before, is now' bent into the form A c B, 

For the fame reafon, a ftrait (lick put partly 
into water appears bent. 

Every ray of light carries with it an image of 
that point from w hich it proceeded. If, there¬ 
fore, ajl the rays coming from any point, can be 
united in the fame order in which they were 
emitted, there will be a perfc<ft reprefentation or 
image of the obje( 5 l, at the place where they are 
thus orderly united. 

The whole apparatus of the eye is defigned to 
produce this orderly union of the rays. The fame 

purpofc 
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purpofe is alfo efFcAed by means of convex 
Icnfes. 

It is by the refra« 5 lion of the rays of l ight, that 
this union is brought about. We have already 
obfervcd, that if a ray of light falls perpendicu¬ 
larly upon the furface of any medium, it will 
continue to go on in a flrait line, in the fame 
direction it was moving in before; but if it falls 
obliquely upon the furface of the fecond medium, 
it will be refradled at the point of incidence, fb 
as to be bent towards the perpendicular, when it 
pafles out of a thinner into a more denfe one; • 
and from the perpendicular, when it pafles out 
of a denfer into a thinner medium. 

The parallel rays, fig. 3, abedefg, falling 
obliquely on the furface A DB of a double con¬ 
vex lens, are refradled or bent inward, by paffing 
through the lens, and meet in a focus, or point, 
at C, which is the center of the lens’s convexity. 

The middle ray dD falling perpendicularly on 
the furface of the lens at D, fuflers no refraction 
in pafling through it. 

By this means, if a number of rays, proceeding 
from any one point, fall on a convex Ipherical 

furface 
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furface of glafs, they will be bent or refradled, fb 
as to be nearly uniceti in a point Ochind the glafs, 
and there form a reprcfcncation of the original 
point. 

Hence, when the rays which rente from all the 
points of an obje£l, meet aga c. :n .. ni.iny points, 
after they have been re-united i'*, •< traClion, they 
will at thele poins of re-union form a pidlure 
of the objevfl upon any white body on which 
they fall. 

• An ealy and very limple experiment will ena¬ 
ble the reader to comprehend this part, better 
than any explanation in words. 

Experiment. Let B B, fig. 5, reprefent a 
darkened room, or box, into which no light is 
admitted but what comes through a glafs lens at 
O. Let DEF be objects without doors, 

4 

The rays of light coming from the objects 
will be turned out of their courfc by the refrac¬ 
tive power of the lens, and be made to unite at 
the focus of the lens. 

If, therefore, a piece of white paper* be held 

at 

* The pifkure appears befl: upon white, becaufe white 
bod iesrcdefl light of all the different colours more copioufly, 
and more equably than bodies of any other colour. 
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at the focus, the pi« 5 tures of the objects will be 
fairly and orderly reprefented on the paper, in 
their natural colours and proportions, but in an 
inverted fituation. 

Every phylical point of the objects fends forth 
it’s cone of rays, which, by means of the lens, 
are made to unite orderly at CI I, and being there 
reflefted by the paper, the image of the whole 
object is diftind: and vifible, like a pidure drawn 
upon canvas, but much more lively and diftind 
than the belt finiflicd drawing of the finefl: artift. 

If the paper be removed nearer to, or farther 
from the lens, the pidurc will be confufed; be- 
caufe the rays proceeding from the next adjacent 
points of the objeds, begin to interfere, and mix 
together. 

The diftindnefs of the pidure deper/ds upon 
the feparation of the rays belonging to every 
point of the objed, upon their reception by the 
paper. 

If the paper be removed farther and farther 
from the focus, the pidure will become more and 
more indiftind, and at length totally vanilh, no 
one part being diftinguifliable from the reft, bc- 

caufe 
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caufe the rays from remote parts are mixed with 
the others. It is for the fame reafon, that the 
room muft be dark, othcrwife the foreign light, 
by mixing with the pencils that form the picture, 
will fo weaken it, that at lalt, as the light grows 
ftronger, it will become infcnlible, being chaced 
by the adventitious rays. 

The caufe of the inverfion of the image is 
evident from a bare infi>e<5lion of the figure; 
and it is plain, that this inverlion is not to be 
attributed to the lens : for if the lens be removed, 
and the light be admitted into the room by a 
hole of about one-tenth of an inch diameter, we 
fliall have, on the paper, an inverted, though 
imperfedl, picture of the objeifts w ithour, in the 
fame manner as when the light comes through 
the lens. 

« 

In both cafes the feveral pencils of rays nccef- 
farily crofs each other j but without the lens, the 
picture will be faint and confufcd : it is faint, 
becaufe there are but few rays for forming each 
point of the image; w hercas the lens collected 
many together in one point, and thus rendered 
the image ftronger; the piflurc is confufed, be¬ 
caufe the rays that proceed from adjacent obje<51s 
interfere, and mingle together. 


By 
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By the lens, a great number of rays are united 
in the fame fenfible point, and this is the principal 
ufe of it; and the image is brighter, in propor¬ 
tion as there arc more rays united; and more 
didindt, in proportion as the order in which they 
proceed is better preferved in their union. 

Of V/foft. 

The foregoing reprefentation of objeQs upon a 
flieet of paper, by means of a lens placed at a hole 
in a window-lliuttcr, is exceedingly flmilar to 
what happens to our eyes when we view objedbt. 
For vifion, fo far as our eyes are concerned, con- 
lifts in nothing but fuch a refradtion of the rays 
of light by the tranfparent fkins and humours of 
the eye as will form a diftindt pidture of the 
objedt on the retina. For the ftrudture of the 
eye plainly indicates, that in order to att^n diC- 
tindl vifion, it is neceffary that a certain quantity 
of rays from every vilible point of an objedt 
ihould be united at the bottom of the eye, and 
that the points of union of the rays of the dif¬ 
ferent pencils ftiould be as diftindt and feparate 
as poftible. 

The eye is admirably contrived for effcdling 
thefe purpofes: all the rays coming from any 
vifiblc point of an objedt, that can enter the 

pupil. 
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pupil, arc united clofcly together upon the retins^ 
and thereby make a much more powerful and 
flronger imprcflion than a (ingle ray alone could 
do; to anfwer this purpofe, the retina is placed 
at a proper diftance behind the rcfracT;ing fur- 
faces, and each pencil of rays is refracted orderly 
into diftineft focufes, that the whole object may 
be diftinctly feen at the (amc inflant. 

Thefc cfiecl:s are owing to the refraction of the 
rays of light; for if thefe rays were not fo rc- 
fraifted, very few of them would Itrike upon the 
leaft fendble point of the vifionary nerve, and the 
r^ys from different objects, or from different 
parts of the fame objcc^ts, would (trike at the fame 
place at once, and thus create an indidinctnefs 
equal to blindnefs. 

When the light is weak or (trong, the pupil 

is accordingly enlarged or comraclcd, for the ad- 

« 

million of more or fewer rays, that the im- 
prclTions on the retina may be rendered fuitablc 
to the rtfpc<5tivc cafes. 

As the cr 3 'fla]line humour is denfeft in the 
middle, it is highly propablcthat it is not equally 
rcfra<£tive. This dilfcrcnce in dcnficy of the con- 
llitucnt parts of the cryltalline is admirably 
contrived for corrc(51ing the aberration from it’s 

figure. 
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figure, as well as that of the cornea. The 
more remote rays of each pencil^ by pafling 
through a medium, gradually diminifhing in den~ 
llty from the middle towards the extremes, have 
their focufes gradually lengthened, which corre(5t 
the aberrations of the figure, that fo they may 
unite nearer together. The concave figure of 
the retina is fomewhat fcrviceablc for the (ame 
purpofe. 

It is by no means eafy to determine with 
accuracy the meafure orrefra(Sl:ion of the different 
humours of the eyes from fuch experiments as 
could be made, it has been found that the refiac<* 
tive powers of the aqueous and vitreous humours 
are much the fame with common w'ater, and 
that of the cryfialline a little greaten 

The cornea and aqueous humour being fuppo> 
led to have the fame refradiive powers, all three 
may be confidered as one denfe medium, whole 
refra^ive furface is the cornea; and the cryfiaU 
line humour may be confidered as a convex lens> 
placed in a given pofitions within the laid me¬ 
dium. Whence the humours of the eye all toge¬ 
ther make a kind of compound lens, whofe effe<5^ 
in refra<51ing rays having a given focus of inci-^ 
dence, is eafily found by the laws of optics. 

E We 
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We fhall now endeavour to explain the adbion 
of the rays of light upon the eye, by a figure. 
Let PQJi, fig. 6, be an objcdl; then the pen¬ 
cils of light BPB, BQB, BRB, from the points 
PQR, are firft refra<5led by the cornea, fo as to 
belong to the fbcufes a b c, behind the eye; then 
by the anterior furface of the cryftallinc humour» 
they are again refra<5led towards the focufes hi k, 
nearer to the eye than before; and laftly, in 
going out of the cryftalline into the vitreous 
humour, they are again rcfradled, fo as to unite 
in the points pqr. In like manner, the pencils 
of rays coming to the cornea from every phyfical 
point of the objecT: PQR, are, by the different 
refra(5ling furfaces of the eye, brought orderly 
to unite upon the retfna, and there form, as it 
were, an image pqr of the objc<5V, but in an in¬ 
verted pofition; the upper part of the ob^e(5t 
being painted upon the lov/er part of the retina, 
the right fide of the objedl: upon the left fide of 
the retina, and fo of other parts. Thus the ca¬ 
vity of the eye is a kind of camera obfcura^ the 
cornea and cryflalline making a fort of com¬ 
pound lens, whofe aperture is limited by the 
breadth a a of the pupil. And that the parts of 
the eye are adapted to produce fuch an image, 
may be proved by experiment: for if the tunica 
fclerotica be taken away from the back of an eye, 

newly 
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newly taken oat of the head of any animal, and 
this eye lie placed in a hole made in the window-^ 
Ihutter of a dark room, fo that the bottom of 
the eye be towards you, a beautiful, but inverted, 
pi(5lure of external objcdls will be exhibited, 
painted in the moft lively colours* 

If the humours of the eye, by age, or any other 
caufe; (brink and decay, the cornea and cryftal- 
line grow flatter than before; and the rays not 
being fufficiently bent, arrive at the retina before 
they arc united in their focus, and meet in fbme 
place behind it, and therefore form an imperfe<5k 
pi(5lure at the bottom of the eye, and exhibit the 
objc(St in a confufed and indiflindf manner: this 
dcfc(51;, of which we (hall treat more particularly 
hereafter, is remedied by fpe<flacles with convex 
glafles, which, by incrcafing the rcfradlion of the 
rays of light, caufe them to converge more, 
aund thus convene diflindlly at the bottom of the 
eye. 

On the other hand, if the cornea and cryflal- 
line be too convex, the rays unite before their 
arrival at the retina, and the image thereon is o£ 
courfe indiflindl: this defeat, like the preceding 
one, may be remedied by the ufo of glafles, 
though of a contrary figure, for here they mufl: 

£ 2 be 
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be concave, indead of convex; a lens, of a prou 
per concavity, placed before the eye, will make 
the rays diverge fo much more than they do in 
their natural date, as will caufe them to meet at. 
the retina. 


Of the Artificial Eye. 

If the eye of an animal be taken out> and the 
(kin and fat be carefully dripped od'from the back 
part of it, till only the thin membrane which is 
called the retina, remains to terminate it behind, 
and any objetd be placed before the^front of the 
eye, the pidlure of that objetd will be feen 
figured as with a pencil on the retina. There 
are thoufands of experiments which prove that 
this is the mechanical effe<d of vifion; but none 
of them which render it fo evident as this w’ith 
the eye of an animal; an eye of an ox newly 
killed, fliews it happily, and with very little^ 
trouble. 

The optical effeids of vifion may be very plea> 
fingly and fatisfa»dorily illudrated by the indru- 
ment reprefented. at fig. 7 , w^hich is called an 
nrtijicial eye. 

At the end E there is a piece of glafs placed, 

on 
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•n which the form of the eye is painted, a part 
being left tranfparcnt, to reprcfent the pupil; 
within the globe are inferred three lenfcs, of dif¬ 
ferent convexities, either of which may be brought 
oppotite to the hole, or pupil; one of thcfe is to 
anfwer for the natural ft ate of the eye; the other 
being lefs convex, is to flicw the ftate of the eye 
when flattened by age; the third, more convex 
than the firft, to reprefent the condition of the 
Ihort-fighted: at the oppofite end A of the globe 
is a greyed or femi-tranfparcnt piece of glafs, to 
reprefent the retina. 

At the front arc two lenfcs, fitted into frames, 
and moveable by the handle B, one concave, C, 
the other convex, D, which may be occafionally 
placed before the eye, to iliew how the imperfed: 
Hates of it are remedied. 

If the artificial eye be turned towards any 
bright objecfl, at a moderate diftance, and the 
lens for the natural light be brought before the 
pupil, a lively and diftindl, though inverted, 
pidlure of the objc(5t will be exhibited on the 
greyed glafs. If you take the eye in your hand, 
you will fee.a bright vivid image of the window 
on the greyed glafs. 


E3 If 



54 


Essay on Vision. 


If cither of the other Icnfes be placed oppotite 
the pupil, the piclure becomes confiiied s ihew- 
ing, that when the eye has it’s due form and 
hgure it has no occaiion for lenles. 

To reprefent a long-Jigbted eye, bring the glais 
Tehich is lefs convex than the fird, to coincide 
with the pupil, and you will find the image very 
imperfe^ on the greyed giafs; but by applying 
the convex lens, which will caufe the rays to 
converge, you will obtain a perfect image of the 
objevft. Now' remove the giafs that is behind 
.the pupil, and bring forward in it’s place the 
lens w’hich is more convex, this will repreleni 
the cornea of a Jhort-figbted eye, as well as it's 
cffedl in forming the image fliort of the retina, 
and if you hold it up towards the window, you 
will find that no image of the window is formed, 
nor can any objc<5i: at a difiance have it’s image 
forrfied with didisKSlncfs in this cafe; but put 
the concave giafs before it, and this by render¬ 
ing the rays lefs convergent will make the rays 
unite at the retina, and form as pcrfecfl: an image 
as before. 

Qf the itjverted Pqfition the Jma^e, 

Jf vifion be owing to the pieflure on the retina, 

it 
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it may be aflced, why the objecl appears in it's 
natural upright pofition ? how, when nature draws 
the pi< 5 lure the wrong w-ay, her errors are fo rea¬ 
dily corredted ? 

If it were as eafy a talk to give a fatisfadlory 
explanation of this abftruie quedion, as it is to 
dart objections to every fydem hithertofuggeded, 
to account for the operations of the mind on the 
body, and the body on the mind, it would have 
been explained long ago.* 

The difficulty would be dill greater, if it was , 
the pidture we faw, and not the objedt; but the 
pidlure is not Jeen at all, the eye can fee no part 
of itfelf; the pidlure is the indrument, by means 
of which the objedt is perceived; but it is not 
perceived itfelf^ the indrument neither perceives, 
compares, nor judges; thefe are powers pecu¬ 
liar to that pfycological unity which we call the 
mind. 

It is ablblutely neccifary, in conildering this 
fubjeCt, to didioguifh between the organ of per- 

E 4 ception, 

* Sec, on this fubjed, Reid on the Mind, Potterfteld on 
the Eye, Hartley on Man, Bonnet’s Eflai Analytique fur 
rAme, Berkeley on Vifion, &c. &c. 
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ccption, and the being that perceives. A man 
cannot fee the fatellites of Jupiter, unleils ailifted 
by a telefcope: does he therefore conclude from 
this, that it is the telelcope that fees thofe fatcl- 
lites? By no means; the conclufion would be 
abfurd: nor would it be lefs abfurd, to conclude 
that it is the eye that fees: the eye is a natural 
organ of light, but the natural organ fees as little 
as the artificial. 

Our fenfes are infiruments, fo framed by the 
Author of our being, that they correfpond with, 
or have a determined relation to, thofe qualities 
in objects which they are to manifeft to us. It 
is thus with the eye; it is an inflrumcnt moft 
admirably contrived for roanifefting vifiblc objofls 
to the mind ; for this purpofc, it refracts the rays 
©flight, and forms a picture upon the retina; 
bu^ it neither fees the object, nor the pidture. 
The eye will refradt the rays of light, and form 
the pidture, after it is taken out of the head, but 
no vilion enfues. Even, when it is in it’s proper 
place, and perfedtly found, an obftrudtion in the 
optic nerve takes away vifion, though the eye 
has performed all it’s fundtions. 

We know, indeed, how the eye forms a pidture 
of vifible objedts on the retina; hut how this 

pidlure 
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piaurc makes us fee objedls, we know not: and 
if experiment had not informed us that fuch a 
pidlure was ncceflary, we Ihould have been en¬ 
tirely ignorant of it. The feat of fenfation, 
wherever it is placed, does not appear to be paf- 
live in receiving images; the images are the 
occalion of it’s re-a»flion, and directing a ray 
from itfclf tov\ ards every object it perceives, and 
this action and re-a<5tion are reciprocal. Hence 
we often fee objects when the eye is turned from 
them, and often do not fee the objedt on which 
the eye is turned, if the attention be otherwife 
engaged. 

The pidturcs upon the retina are, howev&', a 
mean of vifion; for fuch as rhe pidlurc is, or 
fuch as the action of the rays of light is on the 
retina, fuch is the appearance of the objedt in 
colour and figure, diftindt.nefs or indiftindteefs, 
brightnefsor faintnefs; but-as we are totally ig¬ 
norant of the mechanifm of the mind, or of the 
organization of the mental eye, we cannot fay 
how this efiedt operates, and can only conclude 
that the natural eye is an inilrument of viiion. 

It appears very clear from Dr. Darwin’s ex¬ 
periments, that the retina is often in an adtive 
ftatc, and that upon the adlivity of this organ 

many 
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many of the phaenomena of vilion depend; an 
impreflion on the retina being firft made by an 
active power, which produces a conformable 
change and re-adlion, that paiTes dircd:ly to the 
faifbrium, occaiioning, though in an unknown 
manner, the perception of objedls. 

On a fubje*lfl, therefore, confeflcdly fo obfcurc, 
and which is perhaps beyond the limits of human 
conception in it*s prefent Hate, every explana¬ 
tion muft be imperfe<51:, every illuftration inade¬ 
quate. Among the various attempts of human 
fagacity, to fliew why an inverted image is the 
mean of exhibiting obje<5is to the mind in an up¬ 
right pofition, the following is perhaps one of 
the lead imperfedi. 

Every point of an objcdl is feen in the dirediion 
of a right line, palling from the pidture of that 
point on the retina, through the center of the 
ey^ to the t^jcdl point; and, therefore, fuch 
points indicate to the mind the exiftence of the 
ot^d point, and it’s true lituation; and of 
courle, that the objedl, whofe pidlure is lowcft on 
the retina, mull be feen in the higheft diredlion 
from the eye; and that objedl, whofe pidlure is 
on the right of the retina, muft be feen on the 
left: lb that by a natural law of our conftltution, 

we 
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we fte obj€<£ts crc<£t by inverted images, and if 
the pidtures had been eredt on the retina, we 
Ihould have feen the objcdl inverted.* 

But fuppofing the preceding illuflration to be 
the true one, and quite fatisfadlory, many difl. 
Acuities ftill remain, to perplex the philofopher, 
and embarrafs the anatom!A. There are parts of 
the eye which aflifl in perfedling the organ of 
vifion, whofe nature and fundtions arc among 
the deiiderata of fcience. We are ignorant of 
the office of the optic nerve, or in what manner 
it performs that office. That it has fome part in 
the faculty of feeing, is evident; becaufo in an 
amauroiis, which is faid to be a diforder of the 
optic nerve, the pidlures on the retina are clear 
and diftindl, and yet there is no vifion. 

Wc know ftill lefs of the ufo and fundtions of 
the choroid membrane; it is neceflary, however, 
to vifion; for it is well know n, that a pidlure upon 
that part of the retina where it is not covered 
with the choroid, namely, at the entrance of the 
optic nerve, produces no more vifion than a 
pidlure upon the hand.f There are, therefore, 

other 

• Reid on the Human Mind. 

+ This is not conelufivc, for where there is np dhoroid, 

ther® 
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other material organs^ who/c operations are ne<« 
ceflary to feeing, even after the pi<5lurcs upon the 
retina arc formed; whenever we become ac¬ 
quainted with the ufe of thefe parts, more links 
of the chain will be brought into our view, and 
M-e fliall better comprehend this wonderful inllru- 
ment. 

Having had occafion to mention that there is 
no vilion produced by that part of the retina 
which is not covered by the choroid membrane, 
it will be proper to iiluftrate this circumdance 
more fully, and (hew in what manner this fadl 
has been afeertained, the difeovery of w hich oc- 
cafioned a long controverfy concerning the proper 
feat of vifion. 

Experiment. Fix three black patches, A,B,C, 
upon a \\ hitc wall, at the height of the eye, A 
being to the left, and C to the right: place your- 
felf facing thefe patches, (hut the right eye, and 
direft the left towards the patch C, you will then 
fee both A and C, but the middle patch B will 
difappear. Or if the left eye be (hut, and the 

right 

there is no retina, the optic nerve being not yet expanded 
into that membrane. If the choroid was taken away from 
behind the retina, there is reafon to believe that vifioii 
would (I'll take place. 
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right direjfled towards A, you will flill fee both' 
A and C, but B will difappear. If the eye be 
dircAed towards B. both B and A will be feen, 
and not C ; for which ever of the patches is di- 
reftly oppolite to the optic nerve vanilhes. 
This experiment is rather difficult at firlt, but 
becomes eafy by a little praflice. In our ufual 
intercourfe with common obje<5ls, we are not 
fenlible of this defed:, becaufe we turn the vifual 
parts of the eye with fo much rapidity upon the 
invidble part of the objedl, that the lofs, without 
peculiar attention, is imperceptible; this lofs, 
however, in one eye, is remedied by the ufe of 
both, as the part of the objefl that is not feen by 
one, will be diftincflly perceived by the other. 
This defc<fl of fight, though common to every 
human eye, was never know'n, until it was dif- 
covered by the fagacity of Monf. Mariotteinche 
laft century. 

Of the Extent or Limits of Vijion, 

We {hall now proceed to confider further the 
nature, properties, and extent of power of the 
eyes. As in a dark chamber, a very {lender beam 
of light is vilible; fo in ail cafes when the fur.- 
rounding medium is very dark, obje<51:s are {eei» 
by fmall quantities of light. Hence, when the 

medium 



62 


Essay on Vision. 


medium round the eye is dark, a fmall qpantity 
of light will fuffice for vilion, the eye being, by 
the cxclufion of the adventitious light, rendered 
fenlible to the moft delicate impreflions. 

The extent, therefore, of our fight is increafed 
or diminifhed, in proportion to the quantity of 
light that furrounds us, fuppofing the illumina¬ 
tion of the objedl to remain the fame. Hence it 
has been calculated, that if the fame objc< 5 l, 
which during the day we fee at the difiance of 
3436 times it’s diameter, were equally illumi¬ 
nated during the night, it would be vifible at 100 
times greater difiance. 

Thus in a dark night the feeble light of a can¬ 
dle may be feen at a great difiance; and the fixed 
ftars, though they have no fenfible diameter, are 
vifible, and the darker the night, the more of 
them' are feen. A certain quantity of light 
however, neceflary, even in this cafe, for vifion; 
for the impreflions of light from the fatellites of 
Jupiter and Saturn, are too feeble to be perceived 
w ithout the afiifiance of a telefcope. 

At the approach of day, anc^as the twilight in- 
Creafes, the eye begins to be enlightened by the 
i-eOedkion of the atmolphere, the fiars grow 

fainter. 
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fainter, and in proportion as the light increaies« 
gradually dilappcar, iirft thofe of the lead, and 
at laft thofe of the larged magnitude. As the 
day advances, the moon herfelflofcs of her ludre, 
till at length her light is overpowered, and die 
is no longer feen. In the fame manner, fmall 
particles are feen floating in a beam of light let 
into a darkened room, but as foon as the room 
is enlightened, thofe particles difappear. 

One of the reafons why w'e are often unable to 
didinguifh didant obJccSls, is the profuiion of rays 
reflected from intermediate obje<5ls, which, by ^ 
their brilliancy, prevent us from perceiving the 
fainter rays that proceed from thofe which are 
more didant, fo that when the obje(5bs are very 
remote, their pi<fture on the retina is eadly 
obliterated, by the vigorous and lively impref- 
ilons made by thofe that are nearer> But 
when the intermediate ones emit a feeble li^t, 
when compared to that which proceeds from the 
more remote ones, thefe will form a didined 
pi(dure on the retina, and become perfe^y 
vidble. 

The extent of vifion is not only limited by the 
light of the ambient medium, which enters the 
eye with the pencils of light that proceed from 

furrounding 
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liirrounding objects; but it is further impeded by 
the heterogeneous particles that arc conftantly 
floating in the air: thcle, by their opacity and 
rcflcchve power, form a kind of veil, that obfeures 
the vifion of remote objedbs; and the more the 
medium is loaded with thefc particles, and the 
■more remote the objcdfcis from the fpecStator, the 
more obfeure and indifltin(5t it will appear, and 
the limits of vifion be more confined. 

The exhalations which continually rife from the 
earth, augment this obfeurity, and render the 
air lefs tranfparent, efpecially near the earth; the 
celefliai bodies generally, therefore, appear more 
obfeure when near the horizon, than when they 
are at a greater elevation; becaufc, in the flrfl 
cafe, they are fecn through that part of the at- 
mofphere which is contiguous to the furface of 
the earth; but in the latter, through a part which 
,is at a greater diftance. 

Every one knows, that objedls at a given 
diftance are more diflindtly feen, and are viflble 
at A greater diftance in clear, than in foggy 
weather. Thus early in a clear morning, and 
when the air is free from vapours, and not much 
enlightened, a hill or a head-land is vifible at a 
great diftance; but as the day advances, the land 

becomes 
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t>eeomes more obfcure, till at length, by the 
gieat opacity of th/e intervening vapour, and the 
light refleded by it to the eye, the objecl becomes 
lefs and lefs perceptible, and at lal't totally dif- 
appears. Hills, and other high lands, are fcen 
more diftindly in the morning, partly from this 
circumftance, that by their elevation they are 
more illumiinated than the parts intervening be¬ 
tween them and the ipedator. 

But the obfcurity ariling from the exhalations 
is not the Icaft part of the inconvenience they 
occafion; the riling exhalations have a k : of 
undulating motion, like that of fmoke or lieam, 
fo that objeds feen through them appear to 
have a tremulous or dancing motion, which is 
fcnfiblc even to the naked eye: if diitant objeds 
be viewed on a hot fummer’s day, rhis effect is 
fo fcnfible in telcfcopes, as to rcjidcr them en¬ 
tirely ufclefs for terreffrial objeds, when thfty 
augment apparent magnitude more than eighty 
times. 

From this want of tranfparency in the atmo- 
(phere, arifes that gradual diminution in the 
light of objeds, which painters call the aerial 
perfpedive, by which they endeavour to give 
that degradation of colour, and indiffint^lneis of 

F outlines 
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outlines, peculiar to objedrs at a diflance: for if 
the air were pcrfedlly tranfparcnt, an objecHb 
would be equally luminous at all diflances, be- 
caufe the viiiblc area and the deniity of light 
decreafe in the lame proportion. 

Another caufe which limits the extent of 
vifion, and for the removal of which optical in- 
ilruments are more particularly adapted, is their 
fmallnefs in proportion to their dillances: for 
excepting in the cafe of luminous obje(51s feen in 
the dark, it is necedary that an image on the 
retina fliould have fome determinate magnitude, 
in order to become perceptible; thus a houfc 
may be feen Rt a confidcrable diilance, but wc 
mull approach nearer before the windows arc 
difcernibic, and nearer ilill to dillinguiih the 
bricks. 

Jt is not cafy to determine with accuracy the 
quantity of the minhnum vifibile^ or the angle that 
is fubtended by the fmallefl viliblc objc<fl. Mr. 
Harris has inferred, from fevcral experiments, 
that objc£ls arc fcldom vifiblc under an angle 
lefs than 40 fcconds, and at a medium not Icfs 
than two minutes. 

A f: tuple objef/, as a white or black Iquare, 

upon 
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upon the oppofite colour, is perceivable undet 
a Icfs angle than the parts of a compound one. 
The more objecSls differ in colour, the more 
eafily we can diftinguifii their leveral imprefllons 
on the retina : different degrees of light on the 
lame object will render it vifible at different dill 
tanccs, and under different angles; indeed the 
moft general caufe of the non-vifibility of obje<5ls, 
is the want of fuflicient light in the pencils that 
proceed from them; feveral contiguous objeeffs 
are fcarce difcernible one from the other, imleis 
they each fubtend angles that are not lefs than 
four minutes. 

A long Jlendt r ohjel^ is vifiblc under a fmallcr 
angle than a fquare objctff of the fame breadth: a 
flender object, as a line, may be confidered as 
confiding of feveral (quares joined together; and 
though one of thefe fquares may be too frnaii to 
be feen, yet the pencils of light coming 
each of them being contiguous, and flriking at 
the fame time upon the retina, are capable, by 
their united ftrength, to awaken the vilive fa¬ 
culty, and lb to render the objects vifible from 
whence they came. For the fame reafbn, a /mail 
obje£f in motion is eafier difeerned than if at reft, 
and may be vifible in the one cafe, though not 
in the other. A fmall liar, by day or twilight, 

F 2 that 
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that cannot be eafily fccn through a telefcope 
dire<5ted to it, will become vifible by Ihaking or 
moving the telefcope. 

There is a great difference in the degree offen- 
fibility of different eyes. We have been told of 
perfons feeing a fatellitc of Jupiter without the 
ailiflancc of glaffes: acircumftance that to many 
appears incredible. But when we confider how 
much the various circumftances of light aifeeft 
vifion, and how much further our light is ex¬ 
tended at fome favourable opportunities than 
at others, thefe extraordinary accounts may be 
the more readily credited. 

The following calculation of M. dc la Hire will 
give fome idea of the extreme fenfibility of the 
optic nerves. The fail of a windmill, fix feet in 
diameter, may be calily feen at the diflance of 
400G toifes, and the eye being fuppofed to be an 
inch in diameter, the pidurc of this fail at the 
bottom of the eye will be the eight thoufandth 
part of an inch. This (hews with what wonder¬ 
ful accuracy the rays of light are refraded by the 
eye, fo that a pencil of rays coming from one 
point of the objed, lhall meet in a point on the 
retina, lb as not to deviate the eight thoufandth 
part of an inch. 

If 
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If an objedl be held too clofe to the eye, it be¬ 
comes indiftincl, and the more fo the clofer it is 
held, notwithftanding it’s apparent magnitude is 
thereby incrcafed, and a very flcnder olycdl will 
become totally invihble. 

To the generality of eyes, the ncareft diflance 
of diftin(51: vifion is about feven or eight inches; 
at this dillance they commonly read a fmall 
print, and examine all minute objedts. It is true 
fonie eyes can fee fmall objects beft at the dillance 
of fix, four, and even three inches ; and fome 
again at taclve, fifteen, or twenty inches; but 
thefe are only particular cafes, and do not, there¬ 
fore, affect the prefent inquiry. 

Of dijlin52 and indijiindl Vifiom 

It will be proper in this place to explain, .with 
more accuracy, what is meant by diftindt vifion, 
and what is the difference between feeing an ob- 
jedl diftindUy, and feeing it clearly; as the 
clcarncfs or brightnefs with which an objedl is 
feen, is often confounded with diftindt vifion. 

We fee an objedt dearly, w hen it is fufHciently 
illuminated, to enable us to form a general idea 
of it’s figure, and diftinguifti it from other ob- 

F 3 jc<fts: 
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je<fls: we fee It diftinSily, when the outlines of 
it are well defined, when we can difiinguifh the 
parts of it, and determine their colour and (itu- 
ation. Thus we may be laid to fee a difiant 
ot^e£l clearly^ when we can perceive that it is a 
tower; but to fee it dijiin^ly^ we approach fo 
near as to be able to determine not only it*s 
general outline, but to diflinguifh the parts of 
which it is compofed. 

This may be made more evident, by adverting 
to the experiment of the dark chamber, in which 
we (hall find a confiderable difference between 
the dill:in<51:nefs and brightnefs of the pidlure j 
and learn, that a confufion of the parts is not the 
fame thing with obfcuricy. 

For the pi<Slure may be diflincH: in all it*s parts; 
the igiys w'hich come from one and the fame point 
in the objcdl, may be exactly collected into one 
and the fame point upon the paper; and yet, if 
but few rays pafs through the lens, and confe. 
qucntly the fpacc where the pidure is painted 
ihould be but faintly enlightened, this pid:urc, 
though it is diftind:, will be faint and obfeure. 
On the other hand, though the pidure be con- 
fufed, cither becaufe the paper is placed at an 
improper diftance from the lens, or for any 

other 
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other caufe; yet if many rays pafs through the 
lens, and ftrongly illuminate the paper, the pic¬ 
ture, notwithftanding the want of diftinQncIs, 
will be a bright one. 

brightnefs or clearnefs with •which an objeH 
is feen, depends principally on the following 
circumftances, 

T. On the quantity of light proceeding from 
the obje<5t to the eye, and this is in a great mea- 
fure regulated by the diilance, for theintenfity of 
light diminiihes in an inverfe ratio to the fquare ' 
of the diftances. 

a. It depends on the colour of the objedt itlelf^ 
and of thole obje<5ts which furround it. 

3 . On the manner in which the light falls upon 
the objecl, and is reflected from it, 

4 . On the aperture of the pupil, for the 
wider this is, the greater will be the number of 
rays that arc tranfmitted to the retina. 

5 . On the tranfparency and puritV of the 
humours of the eye, and the foundnefs of the reft 
of the vifive parts. 

F4 
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6 . On the tranfparency of the atmofpherc. 

When all thefe circumftanccs concur, an ob-. 
will appear bright and clear; but lefs fo, in 
proportion as any of them are wanting. In order, 
however, to obtain diflincl vifion, it is requifite, 
not only that the object be fufficicntly illuminated, 
but alfo that the fcveral pencils, on their arrival 
at the retina, fhould be f. paratc, and not mixed 
together, and when this is not the cafe, the out¬ 
lines of theobiect and it’s parts will appear faint, 
hazy, and ill-dchned. We may, therefore, con- 
ilder the fol- nving conditions as necejjfary towards 
obtaining dijimti uijion, 

1. The objedls ihould be fufficicntly illu¬ 
minated : now all ocher circumftanccs being the 
fame, the nearer an objedt is, and the brighter 
it’s ^colour, the more light the eye receives from 
it; this is one rcafon why near objedls are more 
diftindtiy fecn than thofe that are remote. 

2. The geometrical image of objedls fliould 
fall either upon the retina, or very near it, and 
Ithefe images ihould be fufficicntly large, other- 
wife the parts of the olyecl: cannot be diftindUy 
perceived: the want of iize in this image is alfo 
§ paufe of the jndiftindtn^fs pf repiope objedts, 

3, It 
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3. It is alfo rcquifite that the eye be in perfect 
order, and it’s humours tranfparcnt, in order that 
the impreflions of light may be lively and diftincfl. 

In a given eye, and a given difpontion of that 
eye, an image upon the retina will be moft per¬ 
fect when the objeeft is at fome determinate 
diftance from the eye, and it is near this point 
or place, that objedls, if they are not too fmall, 
w'ill be diftindlly feen. An objeCi at a greater or 
lefs diftance, will have it’s image cither before 
or behind the retina; and in either cafe, if the 
diftance of the image from the retina be con- 
(idcrable, the vifion will be indiftind:. 

Dr. Jurin has, however, fhewn that it is not 
nccelfary to diftind vifion, that the images of 
objeds, or the points of union of the rays be 
precifely upon the retina, there being fome lati¬ 
tude both before and behind the retina, within 
which, whatever images be formed, the vifion 
will be equally difiind, and this latitude will be 
greater or lefs, according as the vifual angles, 
iubtended by the reljpcdivc objeds, are greater or 
lefs. 

Let a printed page, in which there are letters 

49 f three or four different fizes^ be placed at fuch 

# dif- 
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a diilance, that every fort of print may, without 
any ftraining or eJfort of the eye, be pcrfedlly 
diftintt; in this cafe it may be reafonably pre¬ 
fumed, that the intages of the fovcral letters fall 
upon the retina. If the printed leaf be brought 
gradually nearer and nearer, the fmallcft print 
will firft begin to be confulcd, whilfl; the larger 
remains as diftincl as before: by advancing it 
ftill nearer, the fmallcr print will become more 
confufed, the next fizc above it a little confufed, 
Vf’hilft the large print is Hill as legible as beibre, 
and fb through fcveral degrees, till the whole is 
in confulion. 

The fame experiment may be made the con*, 
trary way, by tiling a pair of fpcclaclcs, of a 
proper convexity. From hence it is evident, 
that we may have diftinct vilion, when the foculcs 
of the pencils are at fome diilance, either before 
or bcKind the retina, and that the larger the ob¬ 
ject, the greater is this latitude. 

But as in this cafe the pencils from every point 
cither meet before they reach the retina, or tend 
to meet beyond it, the light that comes from 
them mull cover a circular fpot upon it, and 
will, therefore, paint the image larger than per- 
fc<H: vifion would repiefcnt it; and confcqucnily, 

every 
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every objc(£l, placed cither too near or too remote 
for pcrfcel vifion, will appear larger than it is^ 
by a penumbra of light, caufed by the circular 
fpaces, which are illuminated by pencils of rays 
proceeding from the extremities of the objecfls, 
Thefe circular fpaces are called circles of difiipa- 
tion. This accounts for fhort-fighted perfons 
finding near objedts appear rather magnified, 
when they ufc a concave that is not fo deep as 
that to which they are accuflomed. 

On account of thefe penumbrae, it is clear that 
two flars will appear to be nearer than they really 
are; and if they be reaWy very near, will appear 
to be but one, but brighter than cither of them 
taken alone: fo that the two fiars will have the 
fame appearance as if one brighter liar appeared 
in the middle of the fpace occupied by two 
ffars. 

When objcdls are large, they will appear 
tolerably diftindf at a much Icfs diilance than 
fmall objedfs, becaufe the penumbrae will not 
interfere fo much. For this reafon, a large print 
may be read much nearer the tye than a fmall 
one; the former will appear only ill-defined, but 
fufficiently diftindl, when the latter is quite in- 

diflindt. 
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dillin<5l« the penumbra of one letter interfering 
with that of another. 

It is very difficult to afeertain prccifely the 
natural diftance of diftind: vilion, or thatdiftance 
at which the eye, without any ilrain or effort, is 
fuited to fee objeds diftindly. If we fuppoic 
this diftance to be that at which we ufually read 
a large fair print, this will be about fifteen or fix- 
teen inches, and lefs it cannot be, as we are rather 
more concerned with large objeds than the let¬ 
ters of a book; and when we view objeds nearer, 
'it is on account of their minutenefs: nor is it 
probable that the diftance can be many feet, as, 
in order to examine objeds, we are always defi- 
rous to have them near the eye, except they are 
very large. The ncareft diftance of diftind vifion 
is in general computed to be at about feven or 
eight inches from the eye. That point in any 
6hje£l to is.'bicb I'r optic axis is dire ft cd is Jeen more 
difiin&ly than the rejf. The truth of this pofition 
is confirmed by every one’s own experience: if 
wc turn our eyes diredly toward one particular 
part of an objed fo as to look fteadily at it, we 
may indeed, if the object be not very large, fee 
all the reft of it at the fame time; but this pare 
will appear more diftind than the reft: but iook<* 
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ing Headily at an objetfl is turning our optic 
axis towards it. 

Of the Change in the Confurttiation of the Eye for dif^ 
tinfl Vifion^ at deferent Difances. 

As a (hip requires a different trim for every 
variation of the dircclion and the ftrength of the 
wind, fo, if we may be allowed to borrow that 
word, the eyes require a different trim for every 
degree of light, and for every variation in the 
diflance of the object, while it is within certain 
limits. The eyes are trimmed for a particular 
objcdl, by contracting certain mufcles, and relax¬ 
ing others ; as the fliip is trimmed for a particu¬ 
lar wind, by drawing fome ropes, and flackcning 
others. The failor learns this trim of his (hip, as 
w e learn the trim of our eyes, by experience.* 

A (hip, although it be the nobleft machine 
that human art can boalt, is far inferior to the 
eye, for it requires art and ingenuity to navigate 
her, and the failor muft know what ropes to pull, 
and which to flacken, to accommodate her to a 
particular wind. But the eye is fabricated with 
fuch fuperior w ifdom, and the principles of it’s 

motion 
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motion (b contrived, that it requires no art nor 
ingenuity to fee by it: we have not to learn what 
mufcles we arc to contracft, nor which we are to 
relax, in order to fit the eye to a particular dif- 
tance of the objed;. 

But although we are not confcious of the 
motions we perform, in order to fit the eyes to 
the diflance of the object, we are confcious of the 
effort employed in producing thefe motions, and 
probably have fome fenfation which accompanies 
them, and to which wc give as little attention 
as to many other fenfations; and thus a fenfation 
either previous or confequent upon that effort, 
comes to be conjoined with the diflance of the 
objedf which gave occafion to it, and by this 
conjuntStion becomes one of the ligns of that 
diflance. 

That wc are capable of viewing obje<fls with 
nearly equal diflincffnefs, though they be placed 
at confiderable diflances from each other, is evi¬ 
dent ; but the alteration which takes place in 
the eye for this purpofe, or the mechanifm by 
which this effe(ff is produced, is not eafily afcer-> 
tained. 

It feeois clear from the firfl view of the fub- 
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jcct, that when fevcrai objedls are at differenc 
diftanccs before us, they will not appear equally 
dillinQ at the fame time. Left it ihould be 
fufpedled that the indiftindlneft in this cafe may¬ 
be owing to the impreflions not being made upon 
the correfponding fibrils of the two retinas, let us 
make a trial with one eye alone, while the other 
is Ihut: thus place two fmall objed:s, as two 
pins,one behind the other, and let the one beat 
a foot, and the other at about fix inches diftance 
tfom the eye. Either of thefe obje^fcs, when 
looked at attentively, w'ill appear diftindl; but 
the oLher, at the fame time, although it be in the 
axis of the eye, will be confufed. And fronl 
hence it is very clear, that the fanac confi>rmation 
of the eye is not adapted for diftin<5l viiion at all 
difiances, and that the eye by (bme means 
changes it’s conformation, fo as it may be better 
fuited for vifion at diiTcrent difiances. 

In a limilar n\anner to the foregoing experU 
menr, if the eye looks attentively upon the little 
fcraichcs or particles of dufi upon a window- 
glafs, the obiccts without doors will be indiftm<fi; 
and when v.; at the external objetfis, the 
opakc parti .Its upon the glafs, -W'hich before 
wercdi’.iin will uow be confufed. Italfofre- 
f;uciiLiY happens, that when w-e firft look at an 

obje<fi. 
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objedl, it will appear very confufed^ which con- 
fufion will vanilh by degrees, and in a little tinnc 
the obje< 5 t will become quite dilliniSt. 

In like manner, if after poring fomc time on a 
book, M’C fuddenly look at objc6ls farther oH^ 
they will at firft appear confufcd, and become 
diftin< 5 ler by degrees. A fimilar indidindlnefs 
takes place, w'hcn from looking at remote ol^etfls, 
we fuddenly look at one that is near. To what 
can we attribute thefe phaenomena, but to a 
change in the conformation of the eye for vifion 
at thefe different diflances; a change which re¬ 
quires feme fmall time for it's performance. It 
cannot be owing to the laft impreflion on the eye 
not being obliterated; for in that cafe, the fame 
confufion would be obfervable upon fhifting the 
eye from one page of a book to the other. 

Tl^efe phaenomena are ftrongcr when they 
happen without our thinking upon them; for 
when we make the experiment on purpofe, and 
the mind is already prepared for what is to hap¬ 
pen, it has time in part to fruflrate our defign; 
the more ib, as thefe changes are fomewhat 
painful. 

Authors arc much divided in their opinions 

concerning 
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concerning the change that is made in the confor¬ 
mation of the eye, to procure diftincl vifion at 
different diftances, fomc thinking it to be a 
change in the length of the eye, others that it 
is a change in the figure or pofition of the cryf- 
tailine humour, others that it is a change in 
the cornea. The authors of each opinion have 
thfeir objcdtions to all the refi, and perhaps the 
truth may lie among them all. As the rays of 
light fuffer a greater rcfradlion at the cornea than 
they do afterwards, it is plain that alefs change, 
as to quantity, in the radius of the cornea, will 
cffcdl the bulincfs, than would be fufficient in 
any other part of the eye: but at the fame time * 
it mull alfo be confcficd, that moft perfons who 
have been couched for cataradls, are obliged to 
have glaffes of different convexities, in order to 
have diflincfl vifion at difi'crent difiances; from 
whence it feems neceffarily to follow, that the 
cryfialline humour is concerned in changing the 
conformation of the eye. Perhaps the cornea, 
and the cryfialline, if not fome other parts of the 
cfc befides, may contribute to produce this effedl: 
and in order to obtain difiindl vifion at a nearer 
difiance, at the fame time the cornea is rendered 
more convex, the axis of the eye may be a little 
lengthened, the cryfialline made more convex 
and brought forwarder, all which changes con- 

G fpire 
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fpire to the fame end; and the contrary for ob¬ 
taining vifion at a greater diftancc. 

It has been fhcwn by writers on optics, that if 
an objc(5l be viewed diftinctly at three different 
diflanccs from the eye, the firft of which may 
be the lealf didance at which it can be viewed 
diftintflly, the fccond double the firfV, and the 
third infinite, that the alterations in the confor¬ 
mation of the eye, ncccflary for viewing an object 
diftinclly at the firfl. and fecond diltances, whofc 
difference is but fmall, are as great as thofe that 
are necellary for the fccond and third, w hole 
difference is infinite. 

Hence, if a fhort-Cghted perfon can read a 
fmall print diftindtly, at two different diftances, 
whereof the larger is but double the lelTer, as 
great alterations are made in his eyes, as in one 
whafe eyes are perfedt, and that can fee diftin<5lly 
at all intermediate diflanccs, between infinity 
and the largeft of the two former diflanccs. 
For the fame rcafbn, a fhorufighted perfon can 
fee diflindlly at all diflanccs, with a fingle con¬ 
cave of a proper figure; for the caufe of fhort- 
fightednefs is not a want of power to vary the 
conformation of the eye, but that the whole 

quantity 
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quantity of refra<5i:ions is always too great for 
the diftancc of the retina from the cornea. 

We may hence alfo clearly perceive why our 
eyes are fo foon fatigued in looking at near 
objeifis; for in this cafe, the mufcles of the eyes, 
and the ligamentum ciliare, are obliged to make 
a confidcrable effort, to give the eyes the necef. 
fary conformation, which effort being greater in 
proportion as the object is nearer, muft be pain¬ 
ful and laborious when the objedl is very nigh. 

When the eye has been attentively fixed on. 
an object at fome determined diftance, it cannot 
immediately fee another objecT: diftincftly; whe¬ 
ther it be at a greater or lefler diftance, it ap¬ 
pears confufed and impcrfe<5t, till the eye has 
adapted itfekf to the diftance at which the objedt 
is placed. 

0 

Of the Pupil of the Eyet and ofit*s Motions^ 

In fpeaking of the flrucfture of the eye, w'e 
have fliewn that the uvea has a fmall round hole 
nearly in the middle, called the pupils through 
which the rays muft all pafs before they can get 
to the bottom of the eye, and paint the images 
of objedfs on the retina. The conlideration of 

G 2 the 
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the various affe^ons of this part of the eye, will 
be found of great importance, both to the vender 
and purchafer of fpc(5lacles; for upon the Aatc 
and aperture of the pupil, the requifitc degree 
of magnifying power very much depends. 

The author of nature has proportioned the 
magnitude of the pupil, fo that it may bed 
anfwer the purpofes of viflon, and the fendbility 
of the retina: if it were too large, the retina 
would be fatigued, and hurt by the great quan¬ 
tity of light. Hence it is that thofe creatures 
.cannot bear the light of day, which, in order to 
fearch for and procure their food at night, have 
the pupil of their eyes very large. Further, if 
this aperture had been much larger than it really 
is, the eye would not have been a dark cell, and 
fo much adventitious light w ould have entered, 
as to render the pidlurc upon the retina obfeure 
and indiftinife : for as in the camera obfeura, the 
piflures are mod lively and perfed: when all the 
light is excluded, but what comes from the ob- 
jed, and lerves to form the pidure; fo it is 
with our eyes; the pidure on the retina is mod 
perfed when all extraneous light is excluded, 
and none mixes with the pidure, but what tends 
to it*s formation. 


On 
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On the other hand, if the pupil had been very 
fmall, it would not have admitted a fufficient 
quantity of light; the impredion on the retina 
would have been weak, and the picflure faint and 
obfcurc; when the pupil is very fmall, convex 
glafles are neceflary, in order to increafe the 
quantity of light. 

All animals have a power of contraefling and 
dilating the pupil of their eyes. The natural 
flate appears to be that of dilatation, and the 
contra<5lion a hate of violence, produced by an 
effort originating in the mind. When the lighp 
is too ftrong, or the objeeff too bright, we con- 
tra<5t the pupil, to intercept that part of the 
light which would injure the eye; but when the 
light is weak, we dilate the pupil, that more 
light may enter the eye. If a perfon look to¬ 
wards the fun, you will obferve the pupil become 
exceeding fmall; but if he turns his eyes from 
the light, and be gradually brought into a dark 
place, you will obferve the pupil to dilate, in 
proportion as the light becomes more faint and 
obfeure. 

There are allb other circumftanccs which will 
caufe the pupil to contract, as when the obje<5t 
is nearer the eye than the limits of diitinCt vi- 

G 3 fion; 



86 


Essay on Vision. 


lion: for in this cafe, the pencils of rays pro¬ 
ceeding from the object are too diverging to be 
united in correfponding points on the retina; but 
by contracting the pupil, many of the rays are 
excluded, and the picl;ure is rendered more 
diftinft. It is for this purpofc, that many lltort. 
lighted pcrlbns contract a habit of corrugating 
their eyebrows in reading, a habit which would 
be prevented by the ufe of concave fpcutacles. 

Dr. Jurin has Ihewn, that the contradtion of 
the pupil does, in general, depend more upon the 
llrength of the light, than on the feni'ation of 
confufion in the objeCit. Let any perfon take a 
book by day-light, and Hand near the middle of 
a room, with his back to the light, and then 
hold the book fo near, that the letters may ap¬ 
pear indiftindl, but not fo much fo, but that 
they may be read, though with difhculty; on 
turning towards the light, it will be read with 
more cafe. Again, holding the book at the fame 
diilance, go into the darkell part of the room, 
and Handing w ith your back to the light, you 
will find the book not at all legible; but on 
coming to the window, with your face to the 
light, you will be able to read with eafe and 
diHindtnefs. A perfon who has ufed fpedlacles 

for 
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for fbme years, will in the fun-ihine be able to 
read without them. 

When we have been for fomc time in a place 
much illuminated, or if the eye has been too long 
expofed to a rcfplendent ol^ecl, and then views 
objcdls that arc lefs fo, or goes into a darker place, 
the fight will for a little time be impaired, and 
the eye unable to perform it’s pr per functions. 
The fame will alfb happen from the contrary 
circumftances, if \ve go from a faint light into 
one that is much brighter; in either cafe the 
pupil has not time to conform itfclf to the fud-. 
den,* but neceffary change, for feeing diftincSlly 
under the new circumftances. From hence we 
may infer, that very opake fhades round a can¬ 
dle, iiiftead of preferving and protetfting the eye, 
muft be ncccflarily prejudicial to it. A mode¬ 
rate degree of opacity in the ihade, as that of 
thick paper, may, by IcfTcning the degree of 
light, be ufeful to eyes which are inflamed or 
have a tendency to inflammation. 

G 4 There 

* This is what Potterficld and fome others fay; but from 
other experiments, the pupil is never fo contrafted as in the 
cafe of going fuddenly from a faint to a bright light: the 
contraflion is inllantaneous. The effeAs, therefore, fpoken 
of above, muil be referred to the different ftates of the fen- 
iibility of the retina. 
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There is a kind of fympathy, or concord, in 
the motion of the pupils of both eyes, fo that 
when one is contraCied, the other contracts alfo; 
w'hcnone is dilated, the other alfo dilates, though 
neither the dilatation nor contraction are equal. 
Many grofs overfights have arifen, and fome 
dangerous mitlakes have been made, by oculifts, 
according to Pottcrficld, from their not attending 
to this fundamental law concerning the pupil. 

From this expanding and contracting power of 
the eye, we may Uarn, why the eye fees beft 
when furrounded with darknefs; for the pupil, 
by dilating, accommodates itfelf as much as 
polliuleto the quantity ot light, dilating confider- 
ably w hen the eye is in darknefs, and, cteteris 
paribus, objects are feen moft clearly W'hen the 
pupil is mod dilated ; befides, W'hen the eye is 
in the dark, the picture on the retina is neither 
confufed nor difiurbed by adventitious rays; 
hence, thofe who are in a very bright light, w hen 
they want to difiinguifh accurately a didant ob- 
jeCt, cither deprefs the eyebrows, or apply the 
hand to the forehead : hence alfo, a perfon, by 
placing himfclf in the dark, and employing a 
long tube, will form a fpecies of telcfcope, pro¬ 
ducing a greater effeCt than might at fird be con¬ 
ceived: it w as on this principle that the ancients 

ufed 
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ufed a deep pit, in order to fee the ftars in the 
day-time. From hence we alfo learn, why a 
perfon from within a chamber can perceive the 
objects that are without, while thofe that are out 
of doors cannot fee the objects that arc within: 
for when we arc out of doors, the pupil is con- 
tradled, and only a fmall portion of the light that 
is refledled from the objedls within the chamber, 
can pafs to the retina; w hile on the contrary, 
thofe within have the pupil more dilated, and 
the objects that are without are alfo more ftrongly 
illuminated; bclides which, their view of objedbs 
is not much obftrudled by the refletStion of the 
window'-glafs. 

It is furprizing how far the eye can accommo¬ 
date itfelf to darknefs, and make the bed of a 
gloomy lltuation. When firft taken from the 
light, and brought into a dark room, all things 
difappear; or if any thing is feen, it is only the 
remaining radiations that dill continue in the 
eye; but after a very little time, the eye takes 
advantage of the fmalleft ray, which is conhrmed 
by the following curious account, related by Mr. 
Boyle. In the time of Charles the hrd, there 
was a gentleman, who, (haring in his worthy 
mafter’s misfortunes, was forced abroad; at 
Madrid, in attempting to do his king a iignal 

fcrvicc. 
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fervice, he failed; in confequcnce of this, he was 
conBned in a dark and difmal dungeon, into 
which the light never entered, and into which 
there was no opening but by a hole at the top, 
down which the keeper put his provifions, pre- 
fently doling it again. The unfortunate loyalift 
continued for fome w’ceks in this dark dungeon, 
quite dlfconfolarc; but, at laft, began to think 
he (aw fome glimmering of light: this dawn of 
light increafed from time to time, (b that he 
could not only difeover the parts of his bed, and 
fuch other large objccls, but, at length, he could 
perceive the mice that frequented his dungeon, 
to eat the crumbs that fell upon the ground. 
When (ct at liberty, he could not, for fome da\ s, 
venture to leave his cell, left the brightnefs of 
the light fliould blind him; but was obliged to 
accurtom his eyes, by flow and gradual degrees, 
to the light of the day. 

Of imptrftvl Sight, 

There is no branch of fcience, of which it is 
more important that a general knowledge fliould 
be diffufed, than that part which treats of the 
various imperfections of fight, and the remedies 
for them. To relieve an organ which is the 
fource of the moft refined pleafure, is certainly a 

defirablc 
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defirable obje<5l: to enable thofe who are in want 
of afTiftance, to determine whether fpedlacles will 
be advantageous or detrimental, and what kind 
■will beft fuit their fight; and fo iiiflrudl: thofe 
■u'ho already ufe glafles, that they may difcover 
whether thofe they have chofen are adapted to the 
imperfection of their light, or are fuch as will in- 
creafe their complaint, and weaken their eyes, 
are fubjccts worthy the consideration of every 
individual, and conltitutc the principal bufinels 
of the remainder of this work: to this end we 
lhall, in the firft place, explain what w e mean by 
an imperfection of light. 

W’^e here underftand by imperfect light, an 
abfolutc or relative debility of it, without any 
opacity, either in the cornea or other internal 
parts of the eye, and w iihout any difeafe of the 
retina or optic nerve. 

The light is relatively imperfeCt, when we can¬ 
not fee an objeCl dillinctly in a common light, 
and at all the ufual diitances at which it is ob- 
ferved by an eye in a perfect Hate. 

In this fenfc, both the long and Ihort-lighted 
are faid to have an imperfect light. The Ihort- 
iighted fee dillant objeCts confufedly, thofe that 

are 
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are near at hand diftinAIy; their fight is there¬ 
fore defecSlive with refpecl to diflant objedls : on 
the other hand, the long-fighted fee diflant objedls 
diftin<5Hy, near objects confufedly. 

An imperfe<5l fight isoccafioned by a confufion 
in the image formed upon the retina; this hap¬ 
pens whenever all the rays that proceed from any 
one point of an objcdl, are not united again in 
one, but fall on different points of the retina: or 
whenever fevcral pencils of light, from different 
points of an obje<5l, terminate upon one point of 
the image. This fpccies of confufion takes place 
both in long and llioit-fighted eyes. 

An imperfe<5l fight differs from an amaurofis 
or gutta ferena; for in the latter the light is en¬ 
tirely loll, and the pupil becomes immoveable ; 
though if one eye remain found, the pupil of the 
blind eye will be moved with the pupil of the 
found one; but if the found eye be fliut, the pupil 
of the blind eye will be deflitute of motion. 

Of old or long-filled Eyes, 

To detail thofc circumftances w hich are, in 
general, marks of advancing age, and always of 
partial infirmity, mull be ever unplcafant, and 

would 
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would be equally unnecclTary, if it were not the 
mean of lelTening the inconveniences attendant 
on thofe (lages of life. 

By the long-fightcd, remote obje<5ls are fecn 
diftindily, near ones confufedly; and in propor¬ 
tion as this dcfedl incrcafcs, the nearer objc(2* 
become more indiftintfl, till at length it is found 
almofl; impolTible to read a common-fized print 
without affiftancc. An imperfed: and confufed 
image is formed upon the retina, becaufe the rays 
of light that come from the feveral points of 
an objed, at an ordinary diftance, are not fuf- 
ficiently refradted, and therefore do not meet 
upon the retina, but beyond it- 

Various are the caufes w hich may occalionthis 
dcfcdli if the convexity of the cornea bclellened, 
or if cither fide of the cryftalline becomes flatter, 
this cffcdl will be produced; if the retina be not 
fufficiently removed from the cornea or cryflal- 
line, or if the retina be too near the cornea or 
cryftalline, it will give rife to the fame defedt, 
as will alfo a lefs refrudlive power in the pellucid 
parts of the eye; in like manner, too great a 
proximity of the objcdls, will prevent th*e rays 
from uniting till they are beyond the retina; 
but if all thefe caufes concur together, the eflecl 
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is greater. This defedl is, however, in general, 
attributed to a fhrinking of the humours of the 
eye, which caufes the cornea and cryftalline to 
lofc their original convexity, and to become 
flatter; the fame caufe will bring the retina too 
near the cornea. 

By one or other of thefe caufes, thofe who were 
accuftomed in their youth to read a common 
lize print, at about twelve or fourteen inches 
diftance from their eyes, are obliged to remove 
the book to two or three feet before they can fee 
the letters diftin<5lly, and read with comfort. 
But in proportion as the object is removed from 
the eye, the image thereof on the retina becomes 
Imaller, and confeqnently fmall objccfls will not 
always be perceivable at that diftance, to which 
thofe in this ftate find it neceflary to remove 
them, in order to attain any degree of diftinct 
vilion : the further alfb the objeeft is removed, 
the Icfs light will enter the eye, and the image 
will, of courfc, be fainter. 

Hence, thofe w-ho arc long-fighted require 
more light to enable them to read, than they did 
while their eyes were in their perfeft ftate ; and 
this not only becaufe they arc obliged to remove 
the book to a greater diftance, but becaufe the 

pupil 
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pupil of their eye is fmaller, and therefore a 
greater intenlity of light is necelTary to produce 
afufficient impreflion on the retina^ and compen- 
fate for the defe<5t by a greater iplendor and illu¬ 
mination of the objctfl. 

Increaflng years have a natural tendency to 
bring on this defedl, and earlier among thofo 
who have made the lead ufe of their eyes in 
their youth; but whatever care be taken of the 
light, the decays of nature cannot be prevented: 
the humours of the eye will gradually wade and 
decay, the refraeftive coats will become flatter, 
and the other parts of the eye more rigid and 
lefs pliable; thus the latitude of diflin<5t vifion 
will become contracted: it is alfo highly proba¬ 
ble, that the retina and optic nerve lofe a portion 
of their fonflbility. 

Though it is in the general courfo of nature, 
that this defetd diould augment with age, yet 
there are not wanting indances of tliofe who 
have recovered their light at an advanced period, 
and have been able to lay alide their glafles, and 
read and w-ritc with pleafure, without any arti¬ 
ficial aflidance. Among many caufes wMiich 
may produce this effeft, the mod probable is, 
that it generally arifes from a decay of the fat in 
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the- bottom of the orbit; thepreflure in this part 
ccafing, the eye expands into fomewhat of an 
oval form, and the retina is removed to a due 
focal dillance from the cryllalline. 

It is a certain and very important fatfl, that 
long-fightednefs may be acquired; for country¬ 
men, Tailors, and thofe that are habituated to 
look at remote objecTs, are generally long-lighted, 
■want fpediacles foonc^, and ufe the deepell mag¬ 
nifiers; on the other hand, the far greater part 
of the (hort-fighted are to be found among 
lludcnts, and thofe artifis who arc daily conver- 
fant with fmall and near objctfls; every man 
becoming expert in that kind of vifion, which is 
mofl ufeful to him in his particular profcflion 
and manner of life: thus the miniature painter, 
and engraver, fee very near objedis better than 
a failor; but the failor perceives difiant objedls 
better than they do: the eye in both cafes endea¬ 
vouring to preferve that configuration to which 
it is moft acculVomcd. In the eyes, as well as 
other parts of the body, the mufcles, by conflant 
cxercifc, are enabled to adl with more eafe and 
power, but are enfeebled by difufe; the elafiic 
parta alfo, if they are kept too long flretchcd, 
lofe part of their elafticity; while on the other 
hand, if they be feldom exercifed, they grow ftiff, 
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and are not eafily diftcnded. From the confide^ 
ration of thefe fa<5i;s, we may learn, in a great 
meafure, how to preferve our eyes; by habitua¬ 
ting them occafionally to near as well as diflant 
objecSls, we may maintain them longer in their 
perfed: ftate, and be able to poftpone the ufe of 
Ipedacles for many years j but we may alfb in¬ 
fer from the fame premifes, that there is great 
danger, when the eyes are become long-fighted, 
of deferring too long the ufe of fpedacles, or 
ufing thofe that magnify too much, as we may 
by either method fo flatten the eye, as to lole 
entirely the benefits of naked vllion. It may 
iK» be improper in this place to remark, that 
the long-fighted eye is much more liable to be 
injured by too great a degree of light, than thofe 
that arc fhort-fighted. 

Objeds that appear confufed to the long- 
flghted, will be rendered more diflind, if they 
view' them through a fmall hole, fuch as that 
made by a pin in a card, bccaufe it excludes 
thofe diverging rays which arc the principal 
fource of confulion; but as ir, at the fame time, 
intercepts a conliderable portion of the light, it 
is by no means an adequate remedy. The belt 
relief they can obtain is from convex glafles, 
for by thefe the rays of light that proceed from 
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the objeft, are fo refradlcd, as to fall upon the 
retina, in the fame manner as if they iiTued from 
a dillant point. Spe<5lacies afford two advan¬ 
tages, for they not only render the pi(flure of 
objcAs diftinct upon the retina, but they alfo 
make it flrong and lively. 

Of SpeSIacles, 

The difeovery of optical inftruments may be 
efteemed among the moft noble, as well as among 
the moft ufefal gifts, which the Supreme Artift 
hath conferred on man. For all admirable as 
the eye came out of the hands of him who made 
it, yet he has permitted this organ to be more 
aflifted by human contrivance, than any other 
of the animal frame, and that not only for the 
ufes and comforts of common life, but for the 
advancement of natural fciencej whether by 
giving form and proportion to the minute parts 
of bodies, that were imperceptible to the un- 
aflifted light, or by contradting fpace, and as by 
magic art, bringing to view the grander objcdls 
of the univerfe, which were rendered invilible 
by their immenfe diftance from us. * Noble as 
thefeinventions are, the difeovery of fpedtacles 

may 


• Sir John Pringle** Six Difeourfes. 



Essay on Vision. 99 

may ftill claim the fuperiority, as being of more 
univerfal benefit, and more extenfive ufe. They 
reftore and preferve to us one of the moft noble 
and valuable of our fenles; they enable the me¬ 
chanic to continue his labour, and earn a Aib- 
fiftcncc by the work of his hand, till the extreme 
of old age. By their aid the fcholar pttrfues 
his ftudies, and recreates his mind with intel- 
le(5l;ual pleafures, and thus pafles away days and 
years with delight and fatisfacUon, that might 
otherwife have been devoured by melancholy, or 
•wafted by idlenefs. 

As (j3ec^lacles arc defigned to remedy the de¬ 
fects of fight, it is natural to wifh, that the 
materials of which they are formed fhould be 
as perfedl as the eye itlclfj but vain is the wilh, 
for the materials we ule, like every thing human, 
are imperfeif, and yet we may deem ourfeivcs 
happy, to have in glafs a fubftitute (b analagous 
to the humours of the eye, a fubftance which 
gives new eyes to decrepid age, and enlarges the 
views of philofophy. The two principal defefis 
are, fmall threads or veins in the glafs, and mi¬ 
nute fpecks. The threads arc moft prejudicial 
^o the purpofes of vifion, becaufethey rcfra<ft the 
rays of light irregularly, and thus diftort the 
objc<51:, and fatigue the eye; whereas the ipecks 
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only leflen the quantity of light, and that in a 
very fmall degree. 

General Rules for the Choice of Spe^acles. 

The moft general, and perhaps the bed rule 
that can be given, to thofe who arc in want of 
afliitance from glalTcs, in order lb to choofe their 
fpectacles, that they may fuit the date of their 
eyes, is to prefer thofe which dicw objecds neared 
their natural date, neither enlarged nor dimi- 
niflied, the glalles being near the eye, and that 
give a blacknefs and diitindlnefs to the letters 
of a boe-k, neither draining the eye, nor cauling 
any unnatural exertion of the pupil. 

For no lpe<d;acles can be laid to be properly 
acron'inodated to the eyes, which do not pro¬ 
cure fchem calc and red ; if they fatigue the eyes, 
we may I'afciy conclude, cither that we have no 
cccalion for them, or that they are ill made, or 
not proportioned to our light. 

Thoi'gb, in the choice of fpcdracles, everyone 
mud dr.villy determine for himfclf, which are 
the glade.s through which he obtains the mod 
dilhnct \ilion ; yet fome confidence Ihould be 
placed in lire judgment of the artid, of whom 
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they arc purchafcd, and feme attention paid to 
his dire<5t:ions. By trying many fpc<5lacles the 
eye is fatigued, as the pupil varies in fize with 
every dilferent gla(s, and the eye endeavours to 
accommodate itfelf to every change that is pro¬ 
duced. Hence, the purchafer often fixes upon 
a pair of fpetlaclcs, not the belt adapted to 
his light, but thofc which feem to relieve him 
moft, w^hile his eyes are in a forced and unna¬ 
tural fiate; and confcqucntly, w'hen he gets 
home, and they are returned to their natural Hate, 
he finds what he had chofen, fatiguing and in¬ 
jurious to his fight. 

Of PreferverSt and Rules for the ’ Prefervation 
of the Sight, 

Though it may be impoffibic to prevent the 
abfolute decay of fight, whether arifing from age, 
partial difeafe, or illnefs, yet by prudence and 
good management, it*s natural failure may cer¬ 
tainly be retarded, and the general habit of the 
eyes firengthened, which good purpofes will be 
promoted by a proper attention to the following 
maxims. 

I. Never to fit for any length of time in ab- 
iblute gloom, or expofed to a blaze of light. 
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The rcafons on which this rule is founded, 
prove the impropriety of going haftily from one 
extreme to the other, w hether of darknefs or of 
light, and fhew us, that a fouthern afped: is 
improper for thofe whofe light is weak and 
tender. 

3. To avoid reading a fmall print. 

3 . Not to read in the duik; nor, if the eyes 
be difordered, by candI^■-light. Happy thole 
who learn this Iclion betimes, and begin to pre- 
ferve tneir light, before they arc reminded by 
pain, of the neceflity of fparing them; the 
frivolous attention to a quarter of an hour of the 
evening, has coH numbers the perfed and com¬ 
fortable ufe of their eyes for many years: the 
mifehief is effeded imperceptibly, the conle- 
quenccs are inevitable. 

4 . The eye Ihould not be permitted to dwell 
on glaring objeds, more particularly on firft 
waking in a morning; the fun Ihould not of 
courfe be fuffered to Ihine in the room at that 
time, and a moderate quantity of light only be 
admitted. Jt is eafy to lee, that for the fame 
reafons, the furniture of a bed Ihould be neither 
fdtogeth^r of a white or red colour j indeed, thole 
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n ho£c eyes arc weak, would find ronfiderable 
advantage in having green for the furniture of 
their bed-chamber. Nature confirms the pro¬ 
priety of the advice given in this rule: for the 
light of the day comes on by flow degrees, and 
green is the univerfal colour fhe prcfcncs to our 
eyes. 

5 , The long-fighted (hould accuflom them- 
fclves to read with rather lefs light, and fbme- 
what nearer to the eye than what they naturally 
like; while thofe that are Ihort-fighted, fiiould 
rather ufe themfelves to read with the book as 
far off as pofiible. By this means, both would 
improve and ftrengthen their fight; while a 
contrary courfe will increafe it*s natural im- 
perfe<fi:ions. 

There is nothing which preferves the fight 
longer, than always ufing, both in reading and 
writing, that moderate degree of light which is 
bed fuited to the eye; too little drains them, too 
great a quantity dazzles and confounds them. 
The eyes are lefs hurt by the want of light, than 
by the excefs of it 5 too little light never does 
any harm, unlcfs they are drained by effaces to 
fee obje(5ls, to which the degree of light is in¬ 
adequate i but too great a quantity has, by it‘s 
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own power, deftroyed the light. Thus many 
have brought on thcmfelvcs a cataracfi, by fre¬ 
quently looking at the fun, or a fire; others have 
loft their fight, by being brought too fuddenly 
from an extreme of darknefs into the blaze of 
day. How dangerous the looking upon bright 
luminous objedts is to the fight, is evident from 
it’s cffedls in thofc countries which arc covered 
the greater part of the year with fnow, w here 
blindnefs is exceeding frequent, and vi here the 
traveller is obliged to cover his eyes with crape, 
to prev( nt the dangerous, and often fudden effedls 
of too much light: even the untutored favage 
tries to avoid the danger, by framing a little 
wooden cafe for his eyes, with only two narrow 
flits. A momentary gaze at the fun, will, fora 
time, unfit ihc eyes for vifion, and re/ider them 
infenfiblc to iropreflions of a milder nature. 

The following cafes from a fmall tradl on 
the Fabric of the Eye,** are fo applicable to 
the prefent article, as to want no apology for 
their mfertion here; though if any were neccC- 
fary, the ufe they will probably be of to thofe 
whofe complaints arife from the fame or fimilar 
caufes, would, I prefume, be more than fuf- 
ftcient. 
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A lady from the country, coming to refide 
in St. James's-fquarc, was afflicted with a pain 
in her eyc, and a decay of light. She could not 
look upon the hones, when the fun llione upon 
them, without great pain. This, which Ihe 
thought was one of the fymptoms of her diC- 
order, was the real caufe of it. Her eyes, which 
had been aceuitoincd to the verdure of the coun-- 
try, and the green of the pafture grounds before 
her houfe, could not bear the violent and un¬ 
natural glare of light refletSted from the hones 5 
foe was advifed to place a number of foiall 
orange trees in the windows, fo that their tops 
might hide the pavement, and be in a line with 
the grafs. She recovered by this limple change 
in the light, without the afiihance of any medi¬ 
cine ; though her eysfs were before on the verge 
of little lefs than blindnefs." 

** A gentleman of the law had his lodgings in 
Pall-mall, on the north-fide, his front windows 
were expofed to the full noon fun, W'hile the 
back room, having no opening, but into a fmall 
clofe yard, furrounded w ith high walls, was very 
dark ; he wrote in the back room, and ufed to 
come from that into the front to breakfall, &c. 
his light grew weak, and he had a conllant pain 
in the balls of his eyes; he tried vifual glallcs, 
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and fpokc with oculins^ equally in vain. }3e- 
ing foon convinced, that the coming fuddenly 
out of his dulky ftudy, into the full blaze of 
fun>ihine, and that very often in the day, had 
been the real caufc of his diforder; he took new* 
lodgings, by which, and forbearing to write by 
candle-light, he was very foon cured.’* 

Blindnefs, or at leaft mifcrable w eaknefles of 
light, are often brought on by thefe unfufpe<5led 
caufes. Thofe who have weak eyes, fhould 
therefore be particularly attentive to fuch cir- 
cumftances, fmcc prevention is eafy, but the 
cure may be difficult, and fometimes impradli- 
cable. 

1 hope I {hall not be thought to have ftepped 
improperly out of the line of my profeffion, in 
recommending the following remedy, when a 
decay or weaknefb of fight comes on earlier than 
might reafonably be expected, and without any 
difeafe, or other apparent caufe; if it does not 
anfwer the purpofc, no ill will attend the ule of 
it. Put two ounces of rofemary leaves into a 
bottle, with a pint of brandy, {hake it once or 
twice a day; let this (land three days, then ftrain 
it off; mix a tea fpoonful of the clear tin<51:ure 
■^vith four ;ca fpoonfvilsof w arm water, and w'afh 
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the iniide of the eye with it every night, moving 
about the eye-lids, that feme of it may get per¬ 
fectly in between the lid and the eye. By de¬ 
grees put lefs and lefs water to the tiniflure, till 
at length a tea fpoonful of each may be mixed 
for ufc. 

Whatfoever care, however, be taken, and 
though every precaution be attended to with 
fcrupulous cxa<5lncfs; yet as we advance in years, 
the powcis of our frame gradually decay, an 
effect M hich is generally firfl: perceived in the 
organs of vifion. 

Age is, however, by no means an abfblute 
criterion, by which we can decide upon the fight, 
nor will it prove the neccflity ot wearing fpec- 
tacles. For, on the one hand, there are many 
whofc fight is preferved in all it’s vigour, to an 
advanced old age; while, on the other, it may 
be impaired in youth by a variety of caufes, or 
be vitiated by internal maladies; nor is the 
defect either the fame in different perfons of the 
fame age, or in the fame perfon at different ages; 
in fome the failure is natural, in others it is ac¬ 
quired. 
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From whatever caufes this decay arifes, an 
attentive conhderation of the following rules, 
will enable every one to judge for himfelf, when 
his fight may be afiiiled or preferved by the 
life of ipeftacles. 

1. When wc arc obliged to remove fmall 
objeefis to a confiderable diflancc from the eye, 
in order to fee them difiin(5lly. 

2 . If we find it neceflai-y to get more light 
than formerly; as for inftance, to place the can¬ 
dle between the eye and the objed:. 

3 . If on looking at, and attentively confidcr- 
ing a near objed, it becomes confufed, and ap¬ 
pears to have a kind of mill before it. 

4 . When the letters of a book run one into 
the other, and hence appear double and treble. 

5 . If the eyes are fo fatigued by a little excr- 
cife, that we arc obliged to Ihut them from time 
to time, and relieve them by looking at different 
objeds. 

When all thefe circumflances concur, or any 
of tl^m feparately take place, it will be neceffary 
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to feck affiftance from glalTes, which will now 
cafe the eyes, and in feme degree check their 
tendency to grow flatter; whereas if they be not 
aflifled in time, the flatnefs w ill be conflderabiy 
increafed, and the eyes be weakened by the 
efforts they are compelled to exert. 

We arc now able to decide upon a very im¬ 
portant queftmn, and fay how far ipedlacles may 
be faid to be pre/ervers of the fight. It is plain 
they can only be recommended as fuch, to thole 
whofc eyes are beginning to fail; and it would 
be asabfurd, to advife the ufe of fpedlacles to 
thofe who feel none of the foregoing inconve¬ 
niences, as it would be for a man in health to 
ufe crutches to fave his legs. But thofe w»ho 
feel thofe inconveniences, fhould immediately 
take to fpecflacles, which, by enabling them 
to fee objedis nearer, and by facilitating the 
union of the rays of light on the retina, will fup- 
port and preferve the fight. 

When the eye fenfibly flattens, all delay is 
dangerous; and the longer thofe who feel the 
want of affiftance, defer the ufe of fpedtacles, the 
more they will increale the failure of the eye; 
there are too many who procraftinatc the ufe of 
them, till at lafl they arc obliged to ufe glades 
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of ten or twelve inches focus> inftead of thofe of 
36 or 40 , which would otherw'ife have fuited 
them; thus preferring a real evil, to avoid one 
that is imaginary. Mr. Thomin mentions feve- 
ral deplorable cafes of this kind, particularly one 
of a lady, who, through falfe fhame, had ab- 
Itained from wearing fpe<5iacles fo long a time, 
that at laft it was impoflible to fuit her, but with 
thofe adapted to eyes that have been couched. 
Whereas the inftances are numerous of thofe 
who, by uling glalTes of a long focus at the hrft 
approaches of long-lightednefs, have brought 
back their eyes to their natural fight, and been 
able to lay aiide their fpetflacles for years. 

Thefe confiderations point out clearly the ad¬ 
vantages that may be obtained by a proper 
choice of fpedlacles on firll wearing them, and 
the importance of making fuch a choice; as the 
eye will endeavour to conform itfelf to any im¬ 
proper focus, and thus be brought into a (late of 
extreme age, at a much earlier period than would 
have happened, had they been fuited with judg¬ 
ment. There are very few opticians but what 
mud have feen inftances of thofe, who, by 
habituating their eyes to too fhort a focus, or 
too great a magnifying power, have fo injured 
thofe tender organs, as to deprive them of future 
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ailiftance from glafles. This frequently happens 
to thofe who purchafe their fpedtaclcs of haw>- 
kers and pedlars, men equally ignorant of the 
fcience of optics, and the fabric of the eye. 

Let it, therefore, be carefully remembered, 
that magnifying power is not the point that is 
moft to be confidered in the choice of ipeclaclesf 
but their conformity to our light, their enabling 
us to fee diftindlly, and w ith eafe, at the diHance 
we were accuHomed to read or work, before the 
ufe of fpecflacles became ncceliary : or, in other 
words, glafles Ihould fo alter the difp>olition of 
the rays, at their entrance into the eyes, as will 
be moft fuitable to procure diftineft vilion at a 
proper diftance; an end of the higheft import, 
as in this refped: it places the aged nearly on a 
level with the young, and enables him to read a 
common print with eafe, at a period when, 
without adiftance, he could hardly diftinguidi 
one letter from another. 

In proportion as the eye flattens, glafles of 
greater convexity are to be ufed; but Hill we- 
iliould be careful not to go too far: for if they 
magnify too much, they w ill fatigue the eye. 
The moll certain criterion of their being too old 
for the actual (late of the light, is our being 
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obliged to bring the objcdls we look at through 
them, nearer the eye than the common difl^ance 
of diftind: vilion. All glaifes that caufe us to 
depart much on either lide from the limits of 
diftind vifion, may be confidcred as ill adapted, 
and prejudicial to the fight. 

Thofe who arc careful in following a regular 
gradation, may preferve their eyes to the latefl: 
period of old age, and even then be able to enjoy 
the comioics and pleafures that arife from diftind 
vifion. Do not, therefore, precipitate thefe 
changes, left you ftiould abforb too foon the re- 
Iburces of art, and not be able to find fpcdacles 
of fufficient power to relieve the eye. One pre¬ 
caution more is lecefiary : by no means put on 
any fpedacles but your own ; for taking up, and 
wearing glades' different from thofe to which 
your eye is accommodated, has the fame ill effed 
as trying a variety at an optician's fhop; this va¬ 
riety fatigues and diftuibs the fight; all irregula¬ 
rity is injurious, and much of the prefervation of 
the fight depends upon keeping it uniform, as 
well with regard to the glaffcs, as the degrees of 
light. 

There are many who find the effed of candle¬ 
light fo different from the purer light of day, 
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that they arc obliged to ufe fpeiflacles by nighty 
though they can do very well without them in 
the day. Thefe, when the eye has become more 
flat, will find it advifeable to have two pair of 
jpcc^lacles, one to ufe by day, the other, magni- 
fying fomewhat more, appropriated for the night; 
by this means, nearly the fame quantity of light 
may be brought to adt upon the retina at one 
time as the other; thus the eyes will be Icfs fa¬ 
tigued, and longer maintain their natural vigour. 

Of Vijual Spe£lacles, 

The natural dcfire of men in trade to increafc 
their bufincls, and extend their fame, has in 
many inftances been the origin of alterations and 
inventions, injurious to fcience, and detrimental 
to the public. It is a delire, to which all in trade 
are, from their fituation, expofed; and from 
which, it may be prefumed, no one is exempt. 

To this defirc we may, with propriety, im¬ 
pute the invention of vifual fpedlacles; and as 
pretences are fcldom wanting to juftify that which 
intereft adopts, the inventor endeavoured, by 
fpecious rcafons, to aitradl the attention of thofe 
who were not to be captivated by mere novelty. 
But the good fenfe of the world, which always, 
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in the long run,’ juftly appreciates the value of 
every invention, now leaves vifual fpeflaclcs to 
the neglcft they merit; they arc worn by few, 
but thofe who, from long habit, have accuilomed 
their eyes to thefe pernicious (hades. 

Among the rcafons adduced by the inventor, 
the following is that upon which the greateft ftrefs 
was laid, namely, that as in telefcopes, micro- 
fcopes, &c. we are obliged, by proper apertures, 
to cut olf thofe extraneous rays which tend to 
render the image confufed; fo, in the fame man* 
ner, the quantity of light (liould be adjufted in 
fpeQacles. To this it w’as then anfwered, that 
the cafes w'ere by no means analagous, and if they 
were, the reafon alledged w ould operate againft 
the ufe of vifual glaifes; for as all lenfes bear an 
aperture proportional to their focal length, a lens 
of five inches focus, which is one of the (horteft 
in general ufe, would bear a much larger aperture 
than the diameter of any fpcdacle eye; but there 
was furely no need of apertures to glaffes, applied 
clofe to the eye, whofe pupil is formed by nature 
to adapt itfelf to every degree of light; and we 
Ihould in all cafes, leave the eyes as much as 
polbble to their own exertions and uniform 
mode of ading. Confidered as a (hade or (creen, 
the horn rims of the vifual glaiTes are imperfod: 
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Ahd detrimental, they are alfo inconvenient ill 
life; for if the line to be read is loi^, the head 
mull be in continual motion, to fee the words, 
which arc obftrudted by the opake rim; to thele, 
and many other reafons which might be ad¬ 
duced, we may add the proofs derived from ex¬ 
perience and obfervation; by thefe I am fully 
convinced, that they are injurious to the eye, and 
that in general thofe who wear them, ufe glafles 
of a fhorter focus than thofe who wear the com¬ 
mon fort. 

If from the weaknefs of the eye a fhade be 
necclfary, let it be fuch a one as is pointed out 
by nature: fhe teaches us, that thofe whofe eyes 
are deepfet, have the cleareft and flrongeft fightj 
and that whenever we find the light too ftrong 
we pull down our eye-brows, and if this be not 
fufficient, put our hand over our eyes; by this 
yrc are infirudlcd, that the befl form for a lhade 
is one fitted to the forehead, and projedling from 
it 2 or 3 inches. 

It may not be improper in this place to fay 
a word or two refpe< 5 ting fhades or fereens for 
candles. I am clearly of opinion, that all opake 
fhades are detrimental to the eye, as well from 
the very irregular refletftions of the light, from 
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the paint on the inlide of them, as from the vaft 
contrail into which the eye is thrown, when it 
removes from the refletflcd light, that is, from 
an extreme of brightnefs to gloomincfs and ob- 
feurity. In the place of thefc, I would recom¬ 
mend a conical ihade of white paper, moderately 
thick; this will throw a ilrong fteady light down 
on the book, &c. it will preferve the eye from 
the luminous brightnefs and glare of the can¬ 
dle, and not darken the room too much. Here 
1 cannot refrain from obferving, that the clear 
white light of Argand’s lamps muft be very pre¬ 
judicial to the light; there are purpofes to which 
they may be applied with advantage, but then 
it fltould be uhcre their light is modified before 
it reaches the eye. 

Of SpeBacles with coloured Glajfes. 

It may be more difficult to decide upon the 
merit of fpeflacles with coloured glafs, than 
of thofe with vifuals; yet upon the whole, 
there is reafon to think, that they are rather of 
dif-fcrvice than of any ufe to the eye, and that 
the grounds upon which it has been fuppofed 
thaf^they would be advantageous to the fight, arc 
weak and fallacious. 


Green 
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Green glafles have been recommended on two 
accounts, firft, becaufe green is univerfally allow, 
cd to be one of the plealanteft colours we look at, 
and is found to ftrengthen, comfort, and preferve 
the fight: fccondly, as they are fuppofed to 
weaken the impreffion of the rays of light on the 
retina, and therefore to be well adapted to thofe 
whofe eyes are weak and tender. 

To the firft reafon, it may be fufficient to an- 
fwer, that though green is a pleafant colour to 
look at, it is by no means fo to look through; 
for all obje<fts, w hen viewed through green glafs, 
appear of a muddy yellow, tinged by a gloomy- 
green ; they arc, how ever, not only unpleafant, 
but there are circumftances attending the ufe of 
them, which make it highly probable, that they 
arc prejudicial to the fight, and have not the ten¬ 
dency which is generally attributed to them, of 
lelfening the aeftion of the rays of light on the 
eye. 

After looking at the fun for a ftiort time, fhut 
your eyes, and you will, for fome time after they 
have been (hut, continue to fee his image; but 
it’s brightnefs will gradually diminifti, afluming, 
fucceflively, colours Icfs and lefs bright and 
lively, being firft red, afterwards yellow, then 

13 green. 
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green, blue, and laftly, violet; now thc£c colour* 
are attributed to the violent agitation excited in 
the retina, by the rays of light; the re-aftion and 
vibrations produce the fenfation of colour, the 
ftrongeft thofe of red, the weaker thole of yellow, 
&c. Something very limilar to this happens to 
snoll people, on their firll wearing green glalTcs, 
for on taking them off, they generally find white 
objefts tinged with red ; a clear and fufficient 
proof, that they a.*c not favourable to the eye. 

Further, unlels they are continually wore, the 
contrail between the obje<n: feen through them, 
and feen without them, mull be difadvantageous 
in it’s efie<fls; as contrary to that uniformity, 
which wc have already obferved, to be fo necef- 
fary to the prefervation of the eyes. 

But there is a Hill greater inconvenience ; the 
eye, by confiant ufe, lb habituates itfelf to them, 
as not to be able to fee with eafe in lpe< 5 laclcs of 
another colour : now as the eye grows flatter, it 
wants glallcs of a greater convexity; but as the 
convexity increafes, the green glalTes become 
more opake, and thus lefs fit for vilion, affording 
leafl uflillance when the oye wants it moll. 


Of 
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Of Reading-Glajfes. 


Though the cfFc< 5 ts of time are the certain and 
inevitable portion of all, who live to an ad¬ 
vanced age, and are neither to be retarded by 
riches, nor prevented by wildomj yet fuch arc 
the weaknefles of the human mind, and fuch the 
partialities of fclf-lovc, that we all endeavour to 
conceal, from ourfclves and others, the ap¬ 
proaches of age ; and no one likes to appear as 
haflcning to that bourne from which none have 
returned. 

Thefe propenfities give rife to a variety of 
artihees, by which each individual endeavours to 
hide from himfelf and others, what no artifice 
can conceal, and which every one can difeover, 
in all but himfelf; but then, thefe endeavours 
often contribute to haften the evils they arc 
meant to conceal. Opticians have daily expe¬ 
rience of the truth of thefe obfervations, and they 
arc in no inftance more fully verified, than in the 
preference given by many to reading-glstOes, 
(under whatever pretext it may be covered,) 
merely becaule they Chink, that the decay of their 

1 4 fight. 
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fight, and their advances in age, are lefs con- 
fpicuous by uling a reading-glafs than fpcc- 
tacles. 

It is evident, that the axes of the eyes ought 
not in any cafe to be llrained, but that they 
fhould be left at liberty, to follow the diredlion 
they receive from the mufcles of the eye; but 
this is not the cafe when a reading-glafs is uftd ; 
for the eyes, in endeavouring to fee by it, are con- 
liderably ftrained, and in a fhort time much 
fatigued: but there is another objection to the 
ufe of reading-glafles, which arifes from the un- 
fleadinefs of the hand, and the motion of the 
head, which occalioii a perpetual motion of the 
glafles, for the eye endeavours to conform itfelf 
to each change, and this tender organ is thereby 
kept in continual agitation: to thefe evils we 
may add, the dazzling glare and irregular reflec¬ 
tion from the furface of the glafs, w'hich fo wea¬ 
ken the eyes, that thofe w'ho accuftom themfelves 
to a reading-glafs, are in a fhort time obliged to 
take to fpe^acles, and to ufe them much older 
than they otherwife would have done. 

To this it may be added, that fpcclacles are 
preferable, not only as more conformable to the 
nature and adlion of the eye, but they are alfo 

more 
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more convenient; the fpacc between the face and 
the objc6l is left open and free, and they arc 
moved infcnfibly by the natural motion of the 
head; they alfo (hew objedls more clear and 
more diftindt than a broad lens, becaule their 
glafles arc thinner, and placed exadlly before 
each eye. 

To obviate fome of theie inconveniences, my 
father contrived a kind of fubftitute for fpec- 
tacles, which are convenient for looking at any 
occafional objedl, and not injurious to the eyes; 
this kind is reprefented at fig. 8. In thefe. 
both eyes are ufed at once, without any effort; 
by being held near the eye, the irregular reflec¬ 
tions are avoided, and they are at the fame time 
rendered fteady, by a flight prelfure of the mid¬ 
dle bar on the nofe. 

^'o fuit a given Eye with proper Spc5IacleSy or to 

enable a given Eye to fee dijlinblly at a certain. 

Eifiance, 

For this purpofe, a rule is delivered by optical 
writers, which, though it is good in theory, is 
liable to fcveral exceptions in practice, l>articu>> 
larly as by exactly adhering to it, they would 
generally choofe glafles of too great a magnifying 
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power; but as notwithftanding this defetSi:, the 
data it requires may give ufcful information to 
the optician^ for furnifliing glaffes to thofe who 
live in the country, we fliall infert it here. 

Rule. 

To find a convex lens fuited to a long-fighted 
eye, multiply the difiance at which the peribn 
fees difiindlly, by the difiance at which it is 
dcfirable he fhould fee with the fpe<5lacles, and 
divide the product, by the difference between the 
two aforefaid difiances, the refult is the focus 
required. 

* Thofe who, ufing fpe^flacles, live at a difiance 
from town, and think thofe they have are not 
accommodated to their fight, may receive in¬ 
formation whether they can be better fuited or 
not, by fending any (kilful optician the focus of 
the glaffes in their fpc( 5 lacles, and the difiance at 
which with them they can read a fmall print. 

To find the focus of a convex lens, or fpeclacle 
eye, firfi by the fun’s image,' place the lens, fb 
that it’s axis may be toward the fun; then hold¬ 
ing a paper behind it, the burning point or 
where the fun’s image is fmallefi, and where the 

limb. 
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limb is moft diftin»5l, is the focus of the lens, and 
the diftance from this point to the lens is the 
diftance required. 

Or, fecondly, fix a piece of paper on the fide of 
a room, exacflly facing a windoiv, and remove 
the lens from this, till the images of the moft 
diftant objccls out of doors are diftindt, then the 
diftance between the lens and the paper is the 
required focal length: the images will be brighter 
the lefs the quantity of light is admitted into the 
room, except what is diredlly oppofed to the 
lens. 

The foregoing methods are fufficiently ac¬ 
curate for common fpedlacles and reading-glalles, 
but not for Icnfes of a long focus. 

Of Couched Eyes, 

With the difeafes of the eye, this fmall eflay 
has no concern j they have been already well and 
ably confidered by profeflional men; and it is 
fcarce neceflary to obferve, that in anatomical 
knowledge, and in the practical operations of 
furgery, England now claims a juft pre-emmence 
over other nations. 

But 
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But among the various difeafes of this organ, 
there is one in which, after the furgeon has 
quitted the patient, glaflcs are neccliary, to give 
cffcdl to the operation, and a comfortable fight of 
objcd:s to the perfon relieved. This difeafe is 
the cataracl, a diforder affecting the cryfialline 
humour of the eye; when the opacity is con¬ 
firmed, this humour becomes fo opake, as fcarcely 
to admit any rays of light, and prevents their 
producing their ordinary cffecSs, and confequent- 
ly no image of any object is formed, though the 
retina, and other organs of fight, arc in perfc<ft 
order. There is no diforder more deplorable in 
it’s nature and confcquenccs; deftrudtive of the 
fight, often beyond the reach of remedy: the 
hand of the operator is the only hope, and his 
efforts are fometirnes unfuccefsful. 

The caufc of this diforder is feldom know’n. 
Sometimes it has been thought to be brought on 
by frequent infpedtion of the fun, and fometirnes 
by looking too long and too often at a bright 
fire. In early Itages of the difeafe it has been 
thought to be removed by medicine.* Of the 

various 


* Baron de Wenzel, in his Trcatife on the Catarafb, de¬ 
nies that any medicine has power to diflipatc the opake 
ctyflalline. Mr. Ware, in his tra.'iflation of this work, 

affents 
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various remedies that have been ufed for this pur- 
pofc, the eiccftrical ft ream is fuppofed by many 
to be the beft, on account of it’s powerful diC- 
cutient properties. 

The afliftance the eye receives from the fur- 
geon is either by a depreflion of the cryrtalline 

below 

alTents to the truth of the Baron’s obfervation, fo far as is 
at prefent known ; but adds, that many cafes have occurred, 
under his own infpeaion, which prove that the powers of 
nature are often fufficient for thispurpofe, Thofe opacities 
in particular which arc produced by external violence, he has 
repeatedly feen diflipated in a fhort fpacc of time, when no 
other parts of the eye have been hurt ; and in general, in 
cafes of this defeription, the cryftalline humour has been 
diffolved ; which has been dcmonflrated, by the benefit the 
patient has afterwards derived from adopting the ufp of 
deeply convex glaffcs, Mr. W'are adds, that inllancesare 
not wanting, in which cataracts, which were formed with¬ 
out any violence, have been fuddenly diflipated, in confe- 
qucnce of an accidental blow on the eye. For thefe rea- 
fons He entertains a hope, that mc^ns may hereafter be 
difeovered, by which an opake cryfialline may be rendered 
tranfparent, without the performance of any operation 
whatever. The remedies which have appeared to Mr. 
AVare more eifeftual than others, in tlicfe cafes, have been 
the application to the eye ilfelf of one or two drops of a:thcr, 
once or twice in the courfe of the day, and the occftifional 
rubbing of the eye over the lid, with the point of the fin¬ 
ger, firft moificned with a weak volatile or mercurial 
liniment. Sec Ware's tranflation of Wenzel's Treatife on 
the Catarafl, page 13. 
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below the pupil, or extra£bing the catara( 5 l. But 
as the denfity of the vitreous humour, which 
fupplies the place of the cryftalline, is lefs, the 
rays of light will be lefs refracfled, and not meet 
at the retina, but at fome diflance behind it; the 
fight will therefore be imperfe< 5 f, except the eye 
be aflifled with a proper convex glafs. There is 
a circumftancc attending couched eyes, which 
fully evinces that the change made in our eyes, 
to accommodate them to the difiances of ob- 
jc<fis, muft be principally attributed to the cryf- 
talline humour; namely, that one focus is feldom 
fufheient to enable thofc who have undergone 
this operation, to fee objects at different dif- 
tances. They generally require two pair of 
fpecfiacles, one for near, the other for more dif> 
tant obje( 5 ts. The foci that are ufed lie between 
6 and 11 inches. 

ft is not advifeable to ufe glaflbs too fbon after 
the operation; for while the eyes arc in a de¬ 
bilitated fiate, all exertions are not only impro¬ 
per, but alfo very prejudicial. 

Of the Short-fghted^ 

In this defe< 5 i: of the eyes, the images of objects 
at an ordinary difiance unite before they arrive 

at 
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at the retina, and confequently the images formed 
thereon arc confufed and indiftindl. This effaft 
is produced either by too great a convexity in the 
cornea and cryftalline, or too great a refradlive 
power in the humours of the eye; or the retina 
may be placed too far; or it may arife from a 
concurrence of all thefe circumftances. 

Thofc who are (hort-fighted can diflinguifh 
fmaller objedfs, and fee clearly a given fmali ob¬ 
ject with lefs light than other people ; the reafon 
is evident, for the nearer the objeti is, the more 
light enters the pupil; being alfo more denfe, 
it’s adtioii is more powerful on the retina; 
hence the Ihort-fighted can read a fmall print 
by moon-fhine, or in the twilight, when a com¬ 
mon eye can fcarce diftinguifli one letter from 
another. 

In a fVrong light they can fee a little farther 
than they do when it is weak; the ftrength of the 
light caufes the pupil of their eyes to contradt, 
and thus removes in fome degree the indiflindl- 
nefs of the objedfs. Upon the fame principle we 
may account for the fhort-fighted fo often partly 
fhutting their eyelids, from whence they, were 
fo-Liitcriy denominated myopess by this means, 
r.h':y c.iidiin: Lhc bales of the pencils of rays 

which 
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which iffue from the points of an objec^l, and thus 
contract the circle of diffipation, and Icflen the 
indi(lin(5tnefs of vilion: hence they alfo fee ob- 
jedis more diftindly through a fmall hole, as that 
made by a pin in a card. 

It is a common obfervation, that the {hort> 
lighted do in general prefer a fmall print to a 
large one, and that they ufually write a fmall 
hand; for by the proximity the letters are mag¬ 
nified, and, being fmall, they take in a greater 
number at one view; they hold the book they 
are reading in generally inclined to one fide, in 
order to attain a greater degree of illumination. 
As they can only fee diftinctly objects that are 
near, they are obliged, by a ftrong effort of the 
mind, to caufe the axes of the eyes to converge; 
this effort being painful, forces them often to 
turn away one of their eyes, which producing 
double Vilion, they are obliged ro fiiut it. When 
they hold a book diredftly before their eyes, the 
pidlure will fall upon the middle of the retina, 
Jaut if they hold it obliquely it will fall upon the 
fide of the retina; now the middle of the retina 
is further from the fore part of the eye than the 
fide of it is. Therefore though the pidlure be 
fo near to the fore part of the eye as to be con- 

fufed 
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fuiM if it fall upon the middle, it may be dip 
tin<5l when it falls upon the fide. 

As thofe who are very fliort-fighted do not 
perceive the motion of the eyes and features, they 
feldom look attentively at thofe with whom they 
areconverfing: it is from this circumfiance that 
Pliny terms the prominent-^yed bebettores; not 
that this dcfc<5t in fight impairs genius, or Icffens 
the powers of the mind; but as it deprives them 
of the rapid communications that are made by 
the eye, it apparently lefiens that vivacity of con¬ 
ception, which always accompanies a vigorous 
mind. 

Happily for the (hort-fighted, the principal 
inconveniences of their fight may be remedied by 
the ufe of concave glaifes; by their afliftance, 
thole whofe fphcrc of diftincSt vifion fcarce ex¬ 
tended beyond their arm, are enabled to diftin- 
guiih, very fatisfadiorily, obje<5i:s at a confidcrable 
difiance; the concave lens produces diftindt 
vifion, bycaufing the rays to diverge more, and 
unite at the retina, infiead of meeting before they 
reach the bottom of the eye* 

In the choice of glaflcs for the lliort-fighted, 
no rules can be laid down; it is a defetfl that has 

K 


no 



t3o Essay on Vision. 

• 

no connedlion with age, no ilated progrcflioa 
that can be a foundation to guide the optician, or 
lead him to recommend one glafs in preference to 
Another; the whole muft depend on the obferva- 
tion of the fhort-fighted thcmfelves, who, by 
trying glafles of different degrees of concavity, 
will foon find out that whofe effedls arc moft ad¬ 
vantageous, producing diflin6i vifion at different 
diHances. 

If the fhort-fighted perfbn is fo far removed 
from an optician, as not to have an opportunity 
of trying a variety of lenfes, he may be nearly 
fuited, by fending to him the grcatcfl diftance 
at which, with his naked eye, he can fee dif- 
tindlly; he will, by the following rule, be enabled 
to fuit him with tolerable exadlncfs. 

Multiply the diflance at which the ihort« 
fighted perfon fees difl:ind:Iy with his naked eye, 
by the difiance at w'hich it is required he fiiould 
fee difiinefily by a concave glafs, and divide the 
produfl by the difference between the afbrefaid 
difiances: if the required difiance be very remote, 
the glafies mufi be of that radius at which they 
fee'diftinefily with their naked eyes. 

The benefit the fliort-fightcd receive from 

concave 
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concave glades, is not fo great as the long-lighted 
find by a convex lens; for an obje<5t is not only 
magnified, but the eye receives allb a larger pen. 
cil of light from each vifible point, bccaufe the 
rays enter leis diverging: whereas the concave 
not only diminiihes the obje<5l in fize, but it 
lelTens alfo the quantity of light, as it renders the 
rays more diverging; confcquently the Ihort- 
fighted do not fee remote obje6ts, unleis they are 
very large and bright, fo well through a concave 
lens as theory promifes: for the chief impedi¬ 
ment to a diftincl view of remote obje(5ls, is their 
want of light and magnitude, but both of thefe 
a concave lens increafes. 

It is generally fuppofed, that the Ihort-fighted 
become lefs fo as they advance in years, as the 
natural Ihrinktng and decay in the humours of 
the eye leflen it*s convexity, and thus adapt it 
better for viewing of dill ant obje(51s: but among 
the great number of Ihort-fighted that I haveacr 
commodated with glafies, 1 have ever found the 
reverfc of this theory to be true, and the eyes of 
the myopes never required glafies lels concav^ 
but generally more concave as they grew older,, 
to enable them to fee at the fame diilance. 

Further, the effcdis of habit, which are in mofi; 

K 2 cafes 
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cafes very powerful, but peculiarly fo in the afw 
fedlions of the eye, have a natural tendency to in- 
creafe the defect of the myopes, for by frequently 
looking clofe to objedts, in order to fee them 
diftindlly, they w'ould make themfelvcs near- 
lighted, though their eyes were naturally the 
reverfe; hence we often find, that watch-makers, 
engravers, and ftudious perfons, often bring on 
this defedt. By reading or working at as great a 
dillance as poflible, and often looking at remote 
objects, the degree of fbort-lightednefs may be 
much Icflened. As children in general read 
tnuch nearer than grown perfons, if they are fut- 
fered to indulge this propcnlity, they become 
naturally fliort-lighted. 

I have found it neceflary, in fome inftances, to 
give convex glafles to the fliort-fightcd, when 
very far advanced in age, not bccaufe their eyes 
were grown lefs convex, but to give them more 
light, and counteract an extreme contradtion of 
the pupil. 

Great as are the di fad vantages of the fhort- 
fighted, they are Icfs^perhjips, with refpedt to dis¬ 
tant objedls, than is generally imagined; they 
fee the brighter liars and planets, nearly as well 
as other people. They arc prevented indeed 

from 
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from diftinguifhing beyond a certain fmall dif^ 
tance, the fmall parts of an obje^ which are very 
vifible to another; thus they cannot diftinguilh 
the features of a face acrofs a room, and as obje*5i:s 
are generally diferiminated by their minuter 
parts, their difad vantage in viewing objects at a 
moderate difiance is very evident. But though 
fuch a perfbn cannot difeern the minutiae of ob- 
jc(5ls, unlefs they are very large and very near 
him; yet he can perceive any objc(5i: in the grofs, 
at a confidcrable diftance, if it be not too fmall: 
thus he may perceive a man at the difiance of 
feveral paces, but mufl advance within one or 
two, before he can determine who be is, or call 
him by his name; he will fee a large tree much 
further, and from experience in fuch cafes, will 
p)erceive, that a large obfeure objetSt at a great 
difiance is an houfe, to the furprizc of his friends 
who are acquainted w ich the nature of his fight. 
On thefc principles, we may cafily account for 
the apparent paradox of the pur-blind, or thofe 
who can fcarccly fee a final! objedl at arm’s length 
yet difeovering thofe that are very remote. 

Of a Crepufcular or ^‘zvilight Blindnefs* 

Thofe that are affliified with this complaint, 
have their fight dull and confufed in the cven- 

K 3 ing 
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ing and morning, difceming objedb very im- 
pcrfedlly at the fame time and p^ce: while 
thofe who are bleifed with perfc<5t viiion, 
them diilind:iy. 

Many years ago, this dilbrder was epidemical 
in the neighbourhood of Montpellier, efpecially 
in towns contiguous to a river, and among the 
ibldiers doing duty as ccntinels, expofed to the 
damps and fogs of the night fcafon; and it w'as 
judged to proceed from a fuperfluous ferum in 
the mafs of blood, which affetfled and relaxed 
the organs of vifion ; the pupil of the eye w-as 
much dilated, and the fenlibility of the retina 
lelTencd. 

Boerhaave mentions a variety of this diforder, 
which arofc from an immoveable itruclure of 
the pupil; it did not, like the other, give way 
to medicine; it is probable, that in both cafes, 
eledjricity would be of great ufe. 

Of Meridian Blindnefi, 

Thofe who are affli<51ed with this diforder, can 
difeern objedls in the night, but are unable to 
diflinguifh them in the day-time. 
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Boerhaave enumerates two varieties of this 
diibrder. The firft proceeds from an opake 
round fpot; or partial catara(5l in the middle of 
the cryftallinc, cxadlly behind, but fomewhat 
fmaller than the pupil; during the day, the pupil 
is fo contradled as to admit no rays of light, but 
what fall upon the opake fpot, which, therefore, 
prevents the formation of any image upon the 
retina; but in the evening, the pupil is fo di¬ 
lated, as to permit fuch a quantity of light as 
will anfwer the purpofes of viiion. 

This variety may be removed by the elecflric 
-fluid; or if that does not fucceed, by the couch> 
ing needle. 

The fecond variety arifes from fo extreme a 
fenfibility of the retina, that it entirely clofes 
the pupil of the eye; this fpecies generally yields 
to antiphlogiftic remedies. 


Of an ahfolute Dulnefs of Sight, 

This kind of fight has been generally con¬ 
founded with long-fightednefs, but has lately 
been ranked, by fome anatomical writars, under 
a difimfl head. 
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Both the (hort and long-fightcd, in certain 
polittons, and at certain diiiances, fee obje<5U 
diftindlly, and their fight is not confufed but re¬ 
latively, with rc(pc£l to other difiances, pofitions^ 
and times; but in the afiediion of the eye now 
under confideration, there is an abfoiute dulnefi} 
of fight, in ail places, at all times, and in all 
lituations. 

It feems to depend on a want of fenfibility in 
the retinn, and happens more efpecially to thofe 
who have abufed their eyes : it is a difeafe to 
which, by common people, a variety of caufes 
are afligned. 

The principal fymptoms are frequent varia¬ 
tions in the boundaries of diftincl: vifion; objefts, 
when attentively confidered, appear confufed, the 
charadrers of books feem to be doubled, moved, 
and deculfau'd, the eyes being foon fatigued, they 
are freq .encly obliged to rub and (hut them, 
and the pupil is fcarcely moveable, even on a 
fudden traniition from darknefs to light. 

Various are the remedies preferibed by oculifis 
fbr this difordcr, fome praifing fpirituous refbl- 
vents, while others extol cold water; but all agree 
in recommending the ufe of fpe^cles, with doq- 

blc 
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ble convex glafles; for as by thefe more rays of 
light are collected, and a ftrongcr imprellioii 
made on the retina, a coniiderable degree ofdii^ 
tindinefs is promoted, 

Eledlricity has been recommended with fuc- 
cefs, the eye has been in part reflored, and thc^ 
pupil recovered it's power of contracling and 
dilating.* 

Among 

* The following cafe, which fully evinces the powersof 
elcftricity in difeafes of the eye, was communicated to me 
by my very ingenious friend, John Birch, Efej. furgeon of 
St. Thomas’s hofpital. 

In the year 1786, Ann Bone, aged 57, was admitted into 
St. Thomas’s hofpital, under the care of Mf. Chandler, 
totally blind. After the ufual remedies had been unfuc- 
cefsfully tried, fhc was fent to the eleftrical chamber, 
where Mr. Whitclocke, now furgeon at Ramfbury, had 
the care of the machine, under the direftion of Mr. Birch. 
The fhocks were jjafled through the globe of the right eye, 
and the fight of that eye was recovered in one week’s ex¬ 
periment. The woman was defirousof leaving the hofpital, 
content with the recovery of the fight of one eye, and fear¬ 
ful of the pain (he c::pt.ienccd from the Ihock; but a 
report of the cafe being made to the furgeons, Mr. Birch 
dircflcd the elcftric fluid from a wooden point'only, to be 
poured into the other eye, which petfeftly reflored the 
fight of it, though not in fo fhort a lime. At ^he end of 
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Among the leiTer maladies of the eyes, the 
moft common is a redundance of water, or of a 
watery humour, which difturbs and impaii^ the 
light. When the eye is full of water, letters 
appear confufed, and no fmall objedl is feen dif- 
tindlly. In this cafe it is ufual to have recourfe 
to fpedtacles; but the author of an excellent little 
tradt on the fabric of the eyes, fays, that in this 
diforder it is the glafs, not the form, that is 
neceffary; and that when it is the extreme moif- 
ture of the ball of the eye alone, which makes 
objedls appear confufed, they will be rendered 
diHindi, by placing a piece of thick clear glafs 
between the eye and the objedl; he, therefore, 
adviles the ufc of a pair of fpeClaclcs, of plain 
thick coach-window glafs, without any con¬ 
vexity : the ufe of thefe will forward the cure, 

which 

the month (he was difeharged from the hofpital, perfcftly 
cured, able to read, work, and tell the time by a watch. 

Several (imilar cafes have Itnce happened, with which, 
perhaps, the public may, in time, be made acquainted; 
thoijgh moll of tiicrn are cafes of the gutta ferena, the 
catara6l not having been found to yield to eleflricity. See 
a remarkable caie of the gutta ferena, accompanied with a 
paralyfis of the eyc-lids, whicli was perfcftly cured by an 
cle£lric application in three days, annexed to Mr. 'Ware’* 
Remarks on the ophthalrny, pforophthalmy, and purulent 
eye, page 151, fccond edition, printed for Dilly, 1787, 
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which will (bon be cfFc(ftcd by an application of 
the proper remedies, care being taken at the 
Aime time to avoid extremes of light. 

Of Squinting, 

1 hefitated long, whether I (hotrld lay ai^ 
thing co:u erning this aile<5lion of the eyes, but 
was at lad determined, by conlidering, that thi» 
eifay might pafs into many hands, who would 
probably never lee thofe philofbphical and me¬ 
dical treatifes, in which this fubject has been 
particularly handled j and that 1 might, there¬ 
fore, be a mean of communicating ufeful know¬ 
ledge to thofe whom it would otherwife never 
reach. 

It muft, however, be confefled, that after all 
that has been written upon this fubjed:, we are 
advanced but a very little way; thofe who have 
had (kill to make proper obfervations, have 
wanted opportunity, and thofe who have had 
opportunity, have been deficient either in (kill or 
attention. 

Before we advert to the unpleafing*difpofition 
of the eyes, termed Squintings it will be proper 
to conlider that curious phaenomenon of vidon, 

by 
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by which we are enabled to fee olye<£ls lingle 
with two eyes; for two pictures of the objeil are 
formed, one on each retina, each pidlure exhibits 
the objedl to us in a certain direction, yet we 
in general perceive only one objedt. Whenever 
we look attentively ?.t any object:, the axes of 
both eyes are directed towards it, and we are fb 
accuftomed to turn both eyes towards the fame 
place, that if one eye be Ihut, it’s motion will 
follow that of the other. This concurring mo¬ 
tion has been one of thereafons afligned, why an 
objedl feen with both eyes apf>ears finglc ; but 
this, like moll other folutions of this phacnome- 
non, is very unfatisfadlory, for the eye fees not 
the concurrence of thefe imaginary axes: what¬ 
ever be the caufe, w c arc afilired of the fadt, that 
when both eyes look at the fame object, the 
inind fees that ol^edl fingle. 

Dr. Reid, who has confidcred this fubjedl* 
with much attention, refolves the whole into a 
law of nature, laying it down as a general fadl, 
or pharnomcnon of vifion, that in perfect human 
eyes, the centers of the two retiiiic correfpond 
and harmonize w ith one another, and that every 
(Other point in one retina, correlponds with that 

point 


• Reid's Inquiry into the Human Mind, p, sSa* 
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point which is (imilarly fituated in the other. 
When the pi<£tures fall, therefore, on correfpond- 
ing fxjints of the two rctinse, one obje<5l onl 3 r 
will be feen, though there fliould be really two $ 
and the pi<5lures falling upon the poinrs of the 
retinae that do not correfpond, will occalion two 
vifible appearances, although there be but one 
object. Pitflures upon correlponding points 
of each retina, raife in the mind a fenfation of 
the fame appearance, as if they had fallen upon 
the fame point of one; while pictures falling upon 
points of the two retinte, which do not corref¬ 
pond, give the mind the idea of two diflindl: 
objefts. 

If we diftort unnaturally our eyes frt>m their 
parallel direcflion, or if, while we dired: the axes 
of the two c-yes to one point, and at the fame 
time exert our attention, w hich is alfo unnatural.' 
on another objctSt, either much nearer, or much 
further, in thefc cafes we fee one object double, 
or two confounded in one. 

The laws of vifion, in the human conftitution. 
are wifely adapted to the natural ufc of the eyes, 
but not to that which is unnatural; ‘when w’c 
arc obedient to the la^^•s of order, as manifefted 
in nature, wc fee objecls properly, but have falfe 
X appearances 
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appearances prefented to us, 'when we ufe them 
in an unnatural manner. No part of the human 
conftitution is more to be admired, thanthat 
'whereby we acquire habits which arc found to 
be ufeful, without any defign or intention. 

Squinting is attributed to a variety of caufes ; 
in many inilances, it is undoubtedly owing to a 
prevailing principle of human action, habit in> 
duced by imitation: at other times to habit, 
brought on from the peculiar circumllance in 
which the eye happens to be placed. 

A new bom infant is incapable of fixing his 
eyes on any objefl, he moves one without moving 
the other,* or moving it in a contrary diredion, 
rolling them about, being unable to diferiminate 
one object from another; but as the body grows 
flronger, the eye becomes fortified and capable 
of obeying the a«51ion, and receives the impref- 
lions of the mind, which now direds the optical 
axes towards the fame point, which diredion 
becomes afterwards fo natural, that in procefs of 
time it can fcarce be altered even bj the efforts 
of the will. 

But 

• Thi« is denied by Reid, on the authority of ^is own 
obfervation on his own children, and from the information 
of others. 
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But while the powers of the body are weak» 
if the infant be fo placed in it’s bed, or cradle, 
as to view the light or any agreeable object, from 
one fide only, it will probably learn to fquint; 
for though at firft he may difeern the objed: with 
both eyes, yet as this requires fome exertion, 
and that perhaps hither painful, he foon relaxes 
of his labour, and turns only that eye which 
is near the objcfl, from which, if often pradlifed, 
he forms the habit of moving his eyes dif¬ 
ferently ; the fame aptnefs to turn the eyes in 
contrary dircdlions may be brought on, by often 
prefenting to them, at the fame infiant, a variety 
of objedls. 

A cold in the head, a lownefs of (pirks, or a 
continued exertion or poring of the eyes, will 
often occafion thofe to fquint, that are not ac- 
cuftomed to do it at other times. This is pro¬ 
bably occafioned by a forenefs or tendernefs of 
the retina, which makes the impreflions of light 
fo otfenfivc, that the eyes arc forced into an un¬ 
natural diredlion; that by feeing obfcurely, pain 
may be avoided : or it may be an affcdlion of 
the mufcles of the eye. This diftemper may be 
cured, by ufing flat green glafies, or a^y other 
contrivance that will leffen the light. This 
forenefs may alfo be a fixed diftemper in one eye; 

the 
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the pcrfon will then turn it on one fide, not that 
he may fee better, but to avoid feeing with it at 


all. 


This defe»5i: may be produced by a fpafm in the 
mufclcs that move the eye, or by fome of them 
being either too (hort or too long, too rigid or 
too lax. If, by any of thefe means, the natural 
cquilibriuin bedeftroyed, the eye will be turned 
too much one way; among thefe caufes, fome 
arc beyond, and others within, the reach of 
medicine: of the various tonics that may be ap¬ 
plied, eledtricity will probably be found the moft 
powerful, and moft efficacious. 

An oblique pofition of the cr}'ftallinc, or the 
cornea, will occafion fquintingj in either of 
thele cafes, no affiftance can be derived from art. 
-The objedl to which the eye is direded is not 
diftindlly feen, becaufc it’s image docs not fall 
upon thofc parts of the retina that arc belt fuited 
to anfwer the purpofes of vifion. 

One part of the retina is generally fuppofed to 
be more fenfible than another, and that we turn 
our eyes) fo that this part may receive the im- 
preffions of the light j but if this part be awry 
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in one or both eyes, the perfon will neceflarily 
fquint. 

Dr, Jurin, Mr. Buffbn, and Dr. Reid have 
fhewn, that the greateft number of thole that 
fquint have very indiftindt vilion with one eye. 
Indeed, M. Buflbn afTerts, that the true and ge¬ 
neral caule of this difeafe is an inequality in the 
limits of diftindt vilion in the two eyes; when 
one eye is more feeble than the other, we do not 
diredl it towards the objedl, but make ufe of that 
which is ftronger. Dr. Jurin obferves, that thofe 
who fquint, and fee wdth both eyes, never at the 
fame inftant fee the fame objedt with both eyes j 
for when one eye is turned dircdtly towards an 
objeQ:, the other is drawn fo clofe to the pole, 
that to it the objeQ. is inviliblc. In fomc fquiiit- 
ing eyes he obferved the diverging eye to be 
drawn under the upper eyelid, while the other 
w'as diredted to the objcdl. 

Dr. Reid recommends eleven fubjedls of in¬ 
quiry to thofe who may meet with cafes of this 
diforder, as necelTary not only for giving us a 
true inlight into this fubjedl, but alfo for laying 
the foundation of a rational mode of cure; |hele 
1 lhall therefore fubjoin.* 

L 

* Reid on the ^luman Mind. 


I. We 
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I. Wc ought to inquire whether the (quinting 
perfon fees equally well with both eyes? and if 
there be a defe(St in one, the nature and degree of 
that defe<3: (hould be inveftigated. The obferver 
mud not, in this cafe, rely upon thetedimony of 
the patient; but mud make fuch experiments as 
will be proper for drawing a jud concludon. In 
all the fucceeding heads of inquiry, the patient is 
luppofed* to fee fo well at lead with both eyes, as 
to be able to read with either, when the other is 
covered. 

a. When one eye is covered, we mud fee 
whether the other is turned diredily towards the 
objedf. If the fquinting eye turns afide from the 
objedl when the other is covered, it would prove 
that in chat indance De la Hire’s famous hypo, 
theiis was true. In all the cafes, however, that 
have been tried by MelT. Jurin, Porterfield, and 
Reid, the contrary has taken place, and the axis 
of the fquinting eye was turned djicdlly towards 
the objedt, when the other was covered. 

3 . We ought to fee whether the axes of the 
two eyes follow each other, fo as to have always 
the fame inclination, or form the fame angle, 
when the perfon looks to the right or to the left, 
upward or downward, or draic forward; this 

• will 
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will determine whether a fquint be owing to anjr 
aifedtioii of the ixiufcles. In the following heada 
of inquiry, the inclination of the axes of the eyes 
is fuppofed to be always the fame. 

4 . Whether the patient fees an obje^ fingle or 
double. 

There is, probably, always a greater oriels dSP^ 
tortion of the eyes where there is double vilion; 
yet it is certain that there is not always double 
vilion where there is a fquint; there are, perhaps, 
no inilances where double vifion has lafted any 
length of time. In the following inquiry we 
lliall take it for granted, that the fquinting perfbii 
fees obje»5ls iingle. 

5 . Our next inquiry fhould be, whether the 
obje<5t is feen with both eyes at the fame time, 
or only with that eye whofe axis is directed to¬ 
wards it. 

Moft writers before Dr. Jurin, took it for 
granted, that thofe who {quint fee objedts iingle 
, with both eyes at the fame time: it is an opinion 
unfupported by facts, and the truth of it denied 
by Jurin. It is very eafy, in any particular in- 
itance, to decide the queition. While the perfon 

L a* that 
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that fquint8 looks ftcadily at any objeA, let the 
obferver carefully remark the diredlion of both 
eyes, and obferve their motions; and let an 
opake body be placed between the objecfl: andl 
each eye fucccflively. If the patient, notwith* 
ilanding this interpofition, and without changing 
the direction of his eyes, continues to fee the 
obje< 5 l all the time, we may fairly conclude that 
he fawit with both eyes at once. But if the in¬ 
terpofition of the opake body between one eye 
and the objeCt makes it difappear, then we may 
be as fure that it is feen by that eye only. 

In the two next articles we fuppofe the firft 
to happen, according to the generally received 
hypothefis. 

6 . On this fuppofition, it ought to be inquired 
whether the patient fees an object double in thole 
cafes, where it appears double allb to thofc who 
do not fquint. 

For this purpofe, let him place a candle at the 
diflance of ten feet, and holding his finger at 
arm’s length between him and the candle, let him 
obferve when he looks at the candle, whe¬ 
ther he lees his finger with both eyes, and whe¬ 
ther he fees it fin>:lc or double; and when he 
looks at his finger^ let him obferve whether he 

fees 
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fees the candle with both eyes, and whether it 
appears Angle or double. 

If the patient is found to fee objedls Angle with 
two eyes, not only in the cafes wherein they ap¬ 
pear Angle, but alfo where they appear double 
to other men, we may conclude, that his Angle 
viGon does not arife from correfpondent points 
in the retinae of his eyes, and that the laws of vi~ 
Aon are different in him, from what they are in 
the reft of mankind. 

If, on the other hand, he fees obje^s double 
in thole cafes wherein they appear double to 
others, we muA conclude that he has correlpond- 
ing points in the retinse of his eyes, but that they 
are Atuated unnaturally. If the common hypo- 
theAs be true, that one who fquints fees an obje< 5 l 
with both eyes at the fame time, and yet lees it 
Angle, the fquint w'ill probably be of the kind 
deferibed in this article; and we may conclude, 
that if a perfon, affeifled with fuch a fquint as we 
have here fuppofed, could be brought to the 
habit of looking Arair, it would be highly pre¬ 
judicial to the Aght: for he would then fee every 
thing double which he faw w’ith both eyes at the 
fame time, and objeifls diAant from each other 
would be confounded together; his eyes arc made 

L 3 for 
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for fquinting, and the cure would be worfo than 
the difeafe, as it is far better to fquint, than to 
purchafe the cure, by the lofs of pcrfcdl and dif- 
tin<5l vilion. 

8 . We may after thefe trials return to the 
hypothelis of Dr. Jurin, and fuppofe, that the 
patient when he faw obje<5ls Angle, notwith- 
Aanding his fquint, was found, upon trial, to 
have feen them only with one eye. 

The patient mud now be advifed by repeated 
efforts to Icffen his fquint, and to bring the axes 
of his eyes nearer to a parallel dire<5lion; we 
have a power of making fmall variations in the 
inclination of the optic axes, and this power 
may be greatly incrcafed by exercife, by per- 
feverance, and patience. If the pradlice is begun 
while the patient is young, he will probably fbon 
learn to diredl both his eyes to one obje<5l. 
When this power is acquired, it will be eafy to 
determine, whether the center of the retinae, 
and points fimilarly Atuated with refpedl: to 
thefe centers, correfpond as in other men. 

9 . Let us now fuppofe this to be the cafe, 
and that he fees an object Angle with both eyesj, 
when the axes of both t^re dire<5ted to it. 


It 



Essay on Vision. 151 

It will then .be his bufinefs to acquire the 
habit of looking ftrait, as he ■w ill thereby not 
only remove a difagrecable deformity, but con- 
iiderably improve his fight. 

10. As the cafe mentioned in the ninth article 
is not merely hypothetical, but h>unded on ab- 
folutc fa<ft, it will be nct cflary further to inquire, 
how it happen.*? that fuch a pcrfon fees an objedt 
at which he is looking only with one eye, when 
both are open ? 

To elucidate this queftion, we muft again go 
to experiment, and obferve, firft. Whether our 
patient, when he looks at an objedl, does not 
draw the diverging eve fo clofe to the nofe,*that 
it can have no difiiiict images ? or fccondly. 
Whether the pup*! of the diverging eye is not 
covered wholly, or in part, by the upper eyelid? 
thirdly. Whether the diverging eye is not lb 
directed, that the picture of the objedl falls upon 
that part of the retina, where the optic nerve 
enters, and where there is no vifion ? This is 
probably the cafe in a fquint, where the axes of 
the eyes converge fo, as to meet about fix inches 
before the nofe. 

11. In the laft place jve (hould inquire, whe- 

L 4 ther 
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ther the perfon has any diflind: vition at all 
■with the diverging eye, at the time he is looking 
at an objedt with the other; for though the 
perfon may be able to read with the diverging 
eye, when the other is covered, yet when both 
arc open it may have no diHinci vilion. 

The foregoing inquiries arc much eaCer in 
theory than pradice, and for infuring fuccefs, 
fpme qualifications of mind are neceflary in the 
patient, which are not always to be met with; 
but a due attention to them, where there is 
opportunity, will foon furnifli us with more im¬ 
portant fads than we are at prefent acquainted 
with: by thefe fads vain theory will be exploded, 
and our knowledge of the laws of nature, with 
regard to the noblcft of our fenfes, enlarged. 

Of the Method of Cure, 

We fuppofe the preceding inquiries to have 
been made, previous to any attempts towards a 
cure; if, in confcquence of thefe, we find that 
the cure will not be prejudicial to the patient’s 
fight, we may proceed to try any of the follow¬ 
ing iliethods; the firft is that propofed by Dr. 
Jurin, ** When the patient is of an age capable 
of attending to the following diredions* place 

him 
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him diredlly before you, and let him clofe the 
undiilorted eye, and look at you with the ocher; 
when you find the axis of this eye fixed diredtly* 
upon you, bid him endeavour to keep it in that 
fituation, and open his other e/e; you will now 
perceive the difiorted eye turn away from you 
towards the nofe, and the axis of the other eye 
will be pointed towards you. By patience and 
repeated trials, he will be able to keep his diC- 
torted eye fixed upon you, at lead for a little 
time after the other is oponed, and when you 
have brought him to keep the axes of both 
eyes fixed upon you, while you dand dirctfHy 
before him, it will be time to change his pofture* 
and to place him a little on one fide of you, 
and then on the otlier, continuing the fame prac¬ 
tice ; when he can in all iituations perfetdly and 
readily turn the axes of both eyes towards you, 
the cure is effedled; this will be forw’arded by 
his frequently pradliling before a mirror, and by^ 
having a friend always at hand, to obferve and 
admoniih him when he fquints. 

Meffrs. Buffon, Reid, and Darwin, concur in 
recommending the patient to cover the good 
eye, as the nioft eftectual and natural mtrthod of 
cure, as by frequent ufe, the fight of the weak eye 
is ftrengchened, and |cquiies a habit of turning 

to 
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to the objc(?ts which the patient wifhes to fee; 
and the better eye by loting (bmcthing in this 
refpc< 5 l facilitates greatly the cure; the inequa» 
lities in the eyes fhould, however, be firft well 
afeerrained, bccaufe this method will not fticceed 
if there is too great a difference. M. Buffbn 
lays, that if the eye that fquints be turned to¬ 
wards the temples, there is feldom any great in- 
cqualii) between them, and that in this cafe, 
the difbrder arifing only from a vicious habit, he 
has known the curer6 be completed, by covering 
the good eye’for a fortnight only: it is necclfary 
to cover the good eye for fome time, in order to 
exercifeand flrengthcn the bad eye, that a proper 
judgment may be formed of the poflibility of 
the cure. 

In the 68th vol. of the Philofbphical Tranf- 
av 5 lions. Dr. Darwin has given an account, of 
which the following is an extra( 5 l, of a very 
curious and confirmed cafe of fquinting, and of 
the method he ufed for curing it. 

The patient was a boy five years old, who 
viewed every objecSl that was prclented to him 
with but one eye at a time. 


If the objc< 5 t was prefenied on the right fide, 

he 
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he viewed it .with his left eye; ifitwaspre- 
fented on the left, he viewed it with the right 

eye. 

He turned the pupil of that eye which was 
on the fame fide with the obje< 5 t, in fuch a direc¬ 
tion, that the image of the objcdl might fall 
upon that part of the bottom of the eye, where 
the optic nerve enters it. 

When an objedt was held dircdtly before him,' 
he turned his head a little on one fide, and ob- 
ferved it but with one eye, namdly, that molt 
difianr from the object, and when he became 
tired of obferving it with that eye, he turned his 
head the contrary way, and obferved it with 
equal facility with the other eye, but never 
turned the axes of both eyes towards it at the 
fame time. 

He faw letters which were written on bits 
of paper, fo as to name them with equal eafe, 
and at equal diltances, with one eye as the 
other. 


There was no perceptible difforence in the 
diameter of the pupils, or their degree ©f con- 

tradiability^ 
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tradlability, after having covered .his eyes from 
the light. 

The foregoing obfervations were carefully 
made, by writing fingle letters on Ihreds of 
paper, and laying wagers with the child, that 
he could not read them when they were pre- 
f<mted at certain didances, and in certain direc* 
tions. 

As from thefe cirfumftances it appeared that 
there was no defecfl in either eye, and that the 
difeafe was Ihnply a depraved habit, there was 
great room for hopes of fuccefs in the cure. 

For 'this purpofe a proper gnomon w'as made 
and fixed to a cap, and when this artificial nofc 
was placed over the real one, fo as to project 
between his eyes, the child rather than turn his 
head to look at oblique objects, began to view 
them with that eye which was next to them; the 
father of the child dynig, the cure was neglecl:-. 
cd for fix years, and though the habit was fo 
confirmed as to leave little room for a cure, the 
fame phyfician being called, he again attempted 
to remove the deformity by a fimilar con¬ 
trivance. 
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Essay on Vision. 

A gnomon of thin brafs was made to (land 
over his nofe, with a half circle of the fame 
metal logo round his temples; they were covered 
w ith black (ilk, and fixed by means of a buckle 
behind his head, and a crofs piece over the 
crown of the head; this gnomon was worn with¬ 
out inconvenience, and projeBed before the nofe 
about two inches and a half, fey the ufe of this 
he foon found it Icfs inconvenient, to view all 
oblique objecis w'ith the eye next them^ infiead 
of the eye oppofitc to thenrv 

After this habit was weakened by a week’s ufe 
of the gnomon, two bits of wood, about the 
fize of a goofe qujil, were blacked, all but a 
quarter of an inch at their fummit. Thefe were 
frequently prefented to him to look at, one being 
held on one fide of the extremity of his black 
gnomon, and the ocher on the other fide of it. 
Ashe viewed thefe, they were gradually brought 
forward beyond the gnomon, and then one was 
concealed behind the other; by thefe means, in 
another week he could bend both his eyes on 
the fame objcift, for half a minute together, and 
by contmumg the ufe of the fame apparatus, he 
was in a lair way of recovery, w hen thfc papeir 
was writtca for the cranfaction. 


FINIS. 
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Optical liiflruments. 


The befl; double-jointed filver fpe£l:aclcs, with 


glaRcs - 1 I 

The d no, with i razi' pebbles — a a6 

Single joiMt nivei Ij, ft >i les, with gl-iffcs o a5 

Ohu*. with pi-obles i lo 

Doubl«--joini Heel diiu>, with glalFcs ■ o 7 

Belt (ingle-joint Ip«.tla« les 5 5 

Ditto, inferior f'ranrc;. from as. 6d. to — O 3 

Nofe Ipeft c' - . M’e.. oiled in nlvcr — — — O 7 

Ditto in tortoii- ii and '.ilvcr .— . . o 4 

Ditto in h(*rn and Il-el ■■. « O a 

5pe&acle» lor couched eyes 

Spe£taclce 
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SpeSacles with ihades 
Concave glafl'es in horn boxes, for fhort-figiitcd eyes 
l>itto, mounted in tortoifefhell and ftlvcr, pearl and 
filver, in various manners, and at different prices 

Reading glaffes, from es. 6d. to - 

Opera glaffes, from los. 6d. to • —. - 

Ditto on an improved con(fruffion, il. ys. and 

Ditto to be ufed at fea by night - - 

Diagonal operas of a new conflruflion 
Xelefcopes of vajiouf- Icng*hs, fizcs, and prices 
Actomatic tclefcopes, portable and convenient for 
the pocket, the Aiding lubes are of brafs, and 
therefore not fobje£l to the inconvenicncies of 
thofe that are made with vellum drawers, from 

il. iis. 6d. to - —— 

Xelefcopes to be ufed at fea by night 
Acromalic perfpeftive gUffes for the pocket, from 

los. 6d. to - -- 2 

An optical va le mecum, or portable acromatic 
telelcope and microlcope, from 3!. jgs. 6d. to 4 
A thirty-inch acromatic telelcope, with different 
eye-pieces for tcrroArial and ccleftial objefts; 
this is one of the moft jrleafant tclelcopcs that is 
made tor general purpofes, from fel. 8s. to it 

An acromatic telefcope, about three feet and an 
half with different eye-pieces — 18 

A thrcc-Tcet rcAetting telefcope, with four magni¬ 
fying powdfs, with rack work 
A ditto, two feet long, with ditto 


£• s. d* 


A two feel rcAefting telefcope, with two powers 

An eighteen-inch ditto . 

A twelve-inch ditto . .— - - 

Adams’s LUCERNAL MICROSCOPE, for opakc and 
tranfparent obje£ls ; it does not fatigue the eye, 
is in all cafes a proper fubiHtute for the folar 
xnicrofeope, and on many occaAons fupetior to 
it 

A fmall double-reflcfling microfeope 
A l;»rger ditto 


36 

21 

12 

8 


3 

6 

14 


An improved univerfal double microfeope 
Ditto fitted up in a different form, from 81 . 8s, to 

Sllis’s aquatic microfeope — - a 

Ditto with an adjuffing ferew — a 

Withering's and other botanical microfeopes, from 
lOS. 6(L to 9 


a • 

a o 
11 6 
11 6 

1 • 


8 8 


12 6 
14 6 


11 « 

18 • 

»5 o 
o o 

12 O 

8 o 

5 • 


21 


o 
12 

*3 

6 

»4 

2 

12 


3 o 

Small 
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f6t 


Small pocket microfcopes, from 6s. to 
Solar microfcopes ■■ 

Ditto 


r. 

3 

5 

6 


Solar microfcopes for opake and tranfparcntobjefls, 

from il. »6s. to ■ ■ - . ai 

A microfcope and lanthorn to imitate'*the Jblar 
microfcouc 

Curious colle&ions of objefls for the microfcope, 
either opake or iraniparcnt 
Colleflions of falts, properly prepared .for the 
microfcope 

Magnifying glaffes for botanical, anatomical, and 

other purpofes, from /s. to - i 

Small magic lanthorns, with twelve fmail glafs 

llidcrs, from los. 6d. to ■ . . . l 

Small magic lanthorns, with the Aiders better 
painted 

Large ditto, from tl. 5s. to .— * s 

Optical machines fur viewing perfpe£l<ve pritits, 

from 18s. to - —- t 

Scioptric balls — O 

Small camera obfeuras, from 10s. 6d. to 3 

Book and pyramidical camera obfeuras, from 

3I. 3s. to - - 7 

An artificial eye for iliullrating the principles of 
vilion 

Prifms, mounted in various manners 

Concave and convex mirrors, from 7s. fid. to 18 

Cylindrical ditto, from li. is. to 13 


»3 


11 


11 

16 

10 

3 
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Geographical and Aftronomical Inflruments. 


VRICXS OF CLOSES, 

s8 inches diameter, mounted in mahogany frames 5ft 10 O 
a8 ditto frames carved and ornamented • 
s8 ditto mounted in the common manner 6 60 

9 8^ ditto mounted in the common manner 

in mahogany frames .. 8 80 

48 ^ ditto mounted in tAe beft manner, in 

iUined frames - ' so iq o 

f 8 ditto mounted ih the bell manner, in 

pif|dio||any f|ame» ... as is o 

|f( 
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s8 inches diameter mounted in the be (I manner, in 

carved frames -■ ■ ■ - 

t6 ditto mounted in the common manner 

12 ditto mounted in the common manner 

as ditto mounted in the common manner, 

in mahogany frames ■ ■ ■ 

12 ditto mounted in the belt manner, in 

{tained frames - — . 

12 ditto mounted in the bed manner, in 

' mahogany framec -:-- 

g ditto mounted in the common manner 

dittd mounted in the belt manner 
6 ditto mounted in the belt manner 

3 ditto mounted in the bell manner 

3 inches diameter, for the pocket — 

An armillary dialling fphcie —. . . 

An armillary I’pherc, fliewing at one view the real 
and apparent motion of the heavens 
An armilfary Iphere, with a planetarium within it 
Plain armillary fpheres 

A manual planetarium and tellurian — 

Anew inltrument for illultraring the phasnomen 
of tfee leafons 


£• 

r. 


16 

16 


6 

6 

• 

3 

3 

0 

4 

4 

« 

5 

»5 

6 

7 

7 

• 

2 

2 

0 

4 

4 

0 

3 

3 

0 

X 

11 

6 

0 

10 

6 

40 

0 

0 

3> 

10 

0 

3» 

to 

0 

3 

»3 

6 

4 

10 

e 

4 

ao 

e 

2 

2 



A ditto for illudrating the phafe^ of the moon, and 

the caufes of ecliples --^ 

A manual planetarium - -- 

(The three lait-mcntioncd inftruments are thofe 
reprefented in plates V. XV, and XVI, of 
my Aflrortomical F.flays) 

A planerarium with wheel-work, by which the 
order and motion of the planets, their iituation 
with refpctl to the earth at different times, and 
the reafon of their appeafing to be fometimes 
llatior)ary,and to move at other times in contrary 
dire£lions, are rendered obvious to the eye 7 17 ^ 

A tellurian and lunai ium for iiluftrating the phae- 
nomena of the earth apd moon, and forming a 
propel companion for the former 
(The. tellurian and lunarium may be combined 
together or ^eparate) 

A correft apd elegant planetarium, lunarium, and 
tellurian, (fee plate XIX. of my Allronomical 
Effays) ■■■ ■ ■■'■— l, —— iS s8 • 

Ditto with the diurnal motion to the earth 00 

The moft pomplete planetarium, tellurian, and 

lunarium* plates XVila and XVIII. 36 15 ^ 

Orrerie^ 
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Orreries, from i 81 . 185 ‘to —^—? sooo o a 

A fmall qu '.drant, with an horizontal and vertical 
inoti;>n, lor the inilruftion and amufement of 

young pet>p!e - o 16 o 

A ditto framed in brafe, more accurately made and 

graduated . . • % 12 fi 

A fmall equatorial, being at once an accurate uni- 
verfal dial, and ^ portable obfervatory ; vsdth it 
a great number of curious and interefting pro¬ 
blems may be folved, and any perfon foon ren¬ 
dered mafter of the elements of praflica^ agro¬ 
nomy - • . . — . . . '■ 8 9 • 

Ditto on a larger fcale, with a telefcope, and more* 

adjudments •' . .. . 26 

Complete equatorial inflruments, from 50g8. to 500 
Tranfit inflruments, aflronomical quadrants, cir¬ 
cular inflruments, according to their fizes, the 
variety and accuracy of their adjuflments. 


5 

o 


o 

o 


Mathematical Inflruments, for tieometiy. 

Drawing, &c. 


Plain compalTcs for meafuring linest from is. to o *5 O 
Drawing compafles with moveable points, from 

5s. 6d. to - - 3 3 

Drawing pens, from is. to -. ■ . O 5 

JBow compafles for deferibing fmall circles, from 

SS. to -— - O 6 

Hair compafles for taHing extents with accura^ O 7 
Beam compafles for deferibing large circles, laying 
down diviflons, &c. 

Triangular compafles for transferring three points 

at once from any plan or drawing, from to a 1 • 

Proportionable compafles for diminifliing plans, or 

drawing in any afligned proportions 1 a 1 6 

£lliptical compafles with fri£lion roller^ for 

drawing elHpfes — .1. — . . .... ^ 4 0 

£lliptical coippafles on a different conflruflion, ■ 
anfweriug at the fam? time the purpofes of beam 
and calliper compafles ^ 4 0 

Spiral compaffes for deferibing fptrals, anfwering 
alfo as bi»m and elliptical t^mpafles, from 6i, 6a* 
to ——— ft aa o 

f SMTjdlel n^Qt of various cpnflrudions 

M a A nevr*. 
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A new-invented parallel rule, which for facility in 
application, and accuracy, exceeds any other 
kind, from 8s. 6d. to ... i 

Ditto with a protractor 

An inftrument for drawing lines inclined in a given 
angle to each other, though the angular point is 
at an imincnfc dillance, a rule exceedingly ufe- 
ful in perfpefclive 

Various inftruments for the purpofe of dividing 
lines, or transferring divilions on paper 
A cyclograph, 07 an inftrument by which circles 
may be deferibed, from 4 or 6 inches radius to 
one as large as the orbit of the Gcorgium Sidus 6 
Plain fcales and fcdlors of different lizes 
Square protra£l:ors, femicircular and circular 
Pocket cafes of drawing inftruments, from 7s. 6d. to 5 
Magazine, or complete collcftion of drawing in¬ 
ftruments, at 111. 11s. at 17I. 17s. and from 

thence to - - 50 

Perfpeftive ce.'mpafles for afeertaining the relative 

proportion of objefts ■■ .— — o 

A new invented inftrument for taking view's, &c, 
■which will facilitate the operations of the artift, 

and greatly a Hi ft beginners - — 3 

A ditto for drawing on an horizontal plane 5 

Pantographers for copying, reducing, and enlarg- * 
ing drawings* from 2I. 12s. 6d. to — — • 6 


Sm 




Surveying Inftruments. 


Cafes of drawing inftruments. — Parallel rules. ~ 

Plotting fcales. — Sets of plotting fcales. — A 
new-invented parallel rule, with plotting fcales. 

—A parallel rule and protraftor 
A plotting fcale, in form of a beam compafs 
Protra6bjrs for laying down angles 

Ditto with a nonius and moveable limb s l> 6 

Ditto rendered more accurate, as the limb is made 

to move with a tooth and pinion 4 14 6 

Meafuring wheels — - V : - 6 to S 

Pedometers for meafuring a given diftancc in walking 
Meafuring chains of 50 and 100 feet 

<4?unter> 
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#unter’s chain o 7 S 

Tape boxes, according to the length 

Surveying crof's or fquare —— t ii ^ 

Plain tables, with an index and fights; by theTe 
the plan is taken on the fpot, and docs not require 
a future protraftion — ~ 3 ^3 ^ 

Xeighton's improved plain table, with an index of a 
peculiar make; in this inftrument the line of fight 
is always over the center of the table, the flation 
lines are alfu drawn parallel to thole meafured 

on the ground ..- • 14 <4 S* 

Theodolets, or inflruments for meafuring angles, 
dillances, &c. are made in various ways, fome* 
being more fimple and portable, others more ac¬ 
curate, and with a greater number of adjuftments 
Theodolets, with four plain fights, and a com- 

pafs box, from 5I. ,5s. to -1—— q ig € 

A fmall thcodolet, with telefcopic fights and ver¬ 
tical arch - - — —- 9 9 * 

An improved fmall theodolet with rack motidhs 
A larger ditto, in which the limb of the theodolet 
is made to ferve occafionally the purpofe of a 

protrafior . . .. . 14 14 • 

A ditto of the fame fize, on a different conftruc- . 
tion, the vertical arch being fixed to a long 
axis; the Ifmb does not ferve for a protrafior 14 14. 9 

A larger ditto, IK e the preceding, only moving 

with rack-work ■ ■ ■ — < ——. ai 09 

The latefl; improved thcodolet, witli double telef- 
cope, and every requifite adjuftment 
Circumferenters, the principal inftrument ufed in 

America, from al. as. to -- 4 14 

An improved circumferenter, fo contrived, that the 
operator need not reft the truth of his work en¬ 
tirely on the needle; it may be alfo ufed to take 
altitudes 


Air or fpirit levels with telefcopic fights, from 


4I. 14s. fid. to .—M — - 12 

Air or fpirit levels with plain fights ■ ■ ■■ x 

Station ftaves with Hiding vases for levelling 1 

A fmall lurveying compafs, with fights, a nonius 
divifton, and three-legged ftaff — 4 

A fmall furveying cbmpafs and fingle ftick s 


(The two foregoing inftrumoAts are portable and 
light, and may be put with cafe in the pocket) 

Mg 
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Miners compaSes, ufed for carrying^ on works 
under>gt-ound, from los. 6d. to 
Ditto with a fmall tolefcope fixed to one fide 
Oreen’s telefcopcand tangent board, formeafuring 
diftances at one ftation: (it is obvious, that on 
the meafuring of a flrait line with accuracy, the 
whole bufinefs^of furveying depends; Mr. 
Green’s method is certainly more expeditious 
thaVi any other, and is not liable to obje&ions 
which may be made to them) 

'Optical rquare,a fnaall inllrument for furveying by 
right angles; it requires no ftaff, and may be 
eaiily correfled oradjufled — 

An optical inllrument for determining with accu* 
racy when olye£ls are in a flrail line 


Inftruments for £Ie6lrick)r. 


A fmall eleQrical machine, with a felefl apparatus 8 8 

An ele&rical machine and medical apparatus in a 
box; the machine is mounted in a plain but 
llro.ig manner, and fo as to aft with power ; the 
apparatus is the moll convenient and limple 
hitherto contrived for medico-eleftrical purpofes 6 i6 
Ditto with an additional apparatus lately contrived 

for more eaiily giving partial (hocks •<— y 17 
Improved eleftrical machines, from 3I. 13s. 6d, to 40 o 
£le£trical batteries, from al. 12s. 6d. to 
Eleftrical jars of different lizes 

Eleftrical jars with an eleftrometer affixed to them o 18 
Medical bottles, with a tube for qualifying the 
- (hock —■ — ■ O 7 

Ditto mounted with a difeharging rod, and an 
eleSrometer, on an improved plan, for giving 
the eleftric Ihock ■ ■ 1 % 

Diredors with glafs handles for medical purpofes o so 


Jointed difehargers with glafs handles o so 

Plain dficharging rods — ~ ® 3 

An univerfal difeharger andprels . ■ x is 

Kinneifly's eleftrical thermometer x x 

Quadrant eleftrometer —— » . ■ ■ O so 

Cavallo's atmofpheric eleQ;roif..eter, from 155. to 1 s 
D itto with additions by De SaulTurs — ■ — s t x 

Bonnet 
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Bcnnct’s gold leaf clearometer - 

An apparatus for* making t'anton's and Wilfon*a 
experiments on eiettric attra^ion, &c. 
Compountl apparatus, fig. 49, plate III. of my 
J£irays on Kletti itiiy ; by this apparatus a great 
number of neat and fatisfaflory experiments 
may be performed ^ ■ 

Ditto without the exhaullcd flaik and condu^lor 

Leyden vacuum .. - —.. . 

l.uminous condu£lors ..... . . 


jf- 
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Spiral tubes, from 4s. 6d. to ... . 

Coloured ipiral^ - - * . . . 

Sets of fpirals, fee plate V. fig. 98, of my Eflays 

on tletlricity .— 

Luminous words, from 10s. 6d. to . .. 

Spotted bottle - . . 1— . . 

Belted bottle, plate III. fig. 46 ——. 

Double bottle, a pleafing and ufkful part of an 
electrical apparatus, to gain a clear idea of the 
Frankiinian theory ■■ ■ ■ 

Plates and Hand for dancing images, pirff images, 
and pith balls 
An artificial Ipidcr 

A fmall head with hair m hu m 

An electrical piflol for inflammable air , 

Ditto mounted in fets 

A fet of paper working models, to be put in motion 
by the cicCtric fluid '■ 

An electrical cannon for gunpowder 

'I'hunder houfe ' - . . — ■ii — — 

A thunder houfe with a drawer — —— 

A powder houfe, fig. 89, plate V. —> 

A pyramid, fig. 90, plate V. — — 

Nicholfon’s revolving doubler »-i ■ ■ 

A bone ball and a bail of box wood fiued on kra£i 
wires 

Electric flyer and points 

A plain fet of bells, fig. 17, plate II. »■ — i- 

Five bells mounted on a Hand, fig. 18, plate II. 

A fet of mufical bells, fig. 19, plate II. . 

Magic picture -.. ■ . 

Electrical {tools, from 8s. fid. to ■ ■ 

An elcCtrophorus, from tos. fid. to 
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App&r^tus for Experiments on Magnetifm. 


An apparatus for explaining the principal phaeno- 

‘ _r_ 




mena of magnetiim, from 3I. 3s. to 
Magnets " 

Small compound magnets 
Hoffelhoe magnets 
Compound ditto, from 15s. to 
Dipping needles from 12I. » 2 S. to 

Variation compailes, al. 1 as. 6d. to 


— »5 >5 • 


91 

3 ‘ 

21 


O 

10 
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Inftruments for Experiments on Pneumatics. 


A fmall fingle-barrel air-pump —— 2 12 6 

A fmall double-barrel ditto — ■ 4 14 6 

A larger ditto —— 6 16 6 

A table air-pump JO 10 -• 

The American double barrelled air pump, the lateft 
improvement on this inftrument, in which the 
air receives no impediment fiom the affion of 
valves or cocks, exceeding Smeaton’s in accu< 
racy and fimplicity, and far fuperior in both re- 
frefts to feveral later contrivances 
A condenfing engine; this may be, if deftred, com¬ 
bined with the former, but the rational and 
prafiical experimentalift will find many advan- 
^ges in having them detached from one another 


Apparatus for an Air Pump. 


The madgeburg hcmifpheres, from 12S. to 
A flat plate and collar of leathers for placing on 
open recwvcrs «— —■ 


t it 6 

o 15 6 
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Cuinea and featbor apparatus, for experiments on 
the lefiftance of the air, from i8s. to — 

A fetof mills for ditto - 

A ditto on a better ronftru£lion - — — 

£cll apparatus, for (hewing that a vacuum does not 
communicate found —■ 

Ditto on a better conftnj£lion * 

Ditto with wheel-work, by which the bell may be 
put in motion or (lopped at pleafure — 
Anew apparatus for (Inking fil'nt and (leel in vacuo 
An apparatus for firing gunpowder in vacuo 
A copper bottle, beam and (land, for weighing of air 
A box bladder and lead weiglits, to (hew the elaiflic 

power of the air . . 

Ditto on an improved plan " . .— 

A model of a pump, illudrating at the fame time 
the nature of pumps, and proving that there is 

no fuch thing as fuflion . 

A fmal! receiver and plate, which clearly evinces 
that receivers are kept on the pump by^ftfeiTure, 

not fuflion - - — ■ ' -■ 

A filtering cup - ■ 

A plate and [ tecc of wood . 

(The two lad articles are for (hewing the porodty 
of vegetables) 

The torricellian experiment 

Fountain in vacuo . . . ^ «■ ■ ■ 

Ditto on a different condruflion — . ■■■■ 

I,ungs glafs -r — Ml.. I 

Ditto on a different condruflion 
A (ingle transferer plate and pipe for a fountain 
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Inllruments for Navigation. 


Cafes of indruments, and tdefcopes of different 
kinds, (izes, and prices • 

Night telefc^es, from tl. iis. 6d. to —. • • 

Opera glafs for the fame purpofe ——. % *i * 6 

A telefcope with an eye-glafs micrometer, iot de* 

Sermimng the diflanee of A Ibip at f<|ft 

Hudlejrlf 
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In/lruments for Experiments in Hydrollatics 
and Hydraulics. 


Hydroft^Ic ballances, from cl. ss. to .i.. lo lo 
Nicholfbn’s improved hydrometers, for afcertaining 
fpecific gravity of bodies 
Oitto for examining 'of coin 

Aconcifcapparatusforexperlmentsonhydroftatics si i6 
An apparatus for fhcwing that fluids have weight 
Ditto for flicwing that the particles of fluids exer- 
eife their prelfure independently one of the 
-other ^ 

Ditto to fhew that fluids prefs in every direflion 
Ditto to demorrllrate the lateral preflureof fluids' 

Ditto to fhew ceteris^arihus, the preflurc of 

fluids is as their perpendicular height 
The hydroftatic paradox 
-The hydrofltatic bellows 

Apparatus for illuflrating the laws of preflurc and 
equilibrium between heterogeneous fluids 
Ditto for illuflrating the aQions of fluids upon 
bodies immerfed in them 
An apparatus for experiments on fpouting fluids 
liydrometersfor proving fpirits,from tl. t is. 6d. to 4 14 

An apparatus for making experiments on capillary 
«tubes 

The model of the diving bell 
A glafs model of the lifting pump 
A ditto of the lifting and n>rcing pump 
Sliero’s fountain in copper japanned 
IXtto Rouble 
Fountain of command 

A japanned copper fountain to a£l by condenfed 
air with a variety of jets 
Apparatu\ib|: experiments on fyphons. 


d 

o 


C 






